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ThG mill taxy-diSEVG levied curriculum materials in this course 
package were selected by the National Center for Research in 
Vocational Education Military Curriculum Project for dissem- 
ination to the six regional Curriculum Coordination Centers and 
other instructional materials agencies* The purpose of 
disseminating tliese courses was to make curriculum materials 
developed by the military more accessible to vocational 
educators in the civilian setting* 

The coiorse materials were acquired , evaluated by project 
staff and practitioners in the field, and prepared for 
dissemination* Materials which were specific to the idlitary 
were deleted, copyrighted materials were either atiitted or appro- 
val for their use was obtained* These course packages contain 
curriculum resource materials vAiich can be adapted to support 
vocational instruction and curriculum development* 
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Mission Statement 



Tho National Center for Research in 
Vocational Education's mission is to Increase 
the ability of diverse agencies. Institutions, 
and organizations to solve educational prob^ 
lems relating to individual career planning, 
preparation, and progression. The National 
Center fulfills its mission by: 

• Generating knowledge through research 

• Developing educational programs and 
products 

• Evaluating individual program needs 
and outcomes 

• Installing educational programs and 
products 

• Operating information systems and 
services 

• Conducting leadership development and 
training programs 

FOR FURTHER INFORMATION ABOUT 

Military Curriculum Materials 
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Program Inforrnation Office 

The National Center for Research in Vocational 

Education 
The Ohio State University 
a 1960 Kenny Road, Columbus, Ohio 4321D 
Telephone: 614/486-3655 or Toll Free 800/ 

848^15 V^ithtn the continenttt 

(except Ohio) 
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Dissemination Is . . . Are Available? Materials Be Obtained? 



an activity to increase the accessibility of 
militaryHJeveloped curriculum materials to 
vocational and technical educators, 

This project, funded by the U.S. Office of 
Education, includes the identification and 
acquisition of curriculum materials in print 
form from the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 



One hundmd twenty courses on microfiche 
(thirteen in paper form) and descriptions of 
each have been provided to the vocational 
Curriculum Coordination Centers and other 
instructional materials agencies for dissemi- 
nation. ' 

Course materials include programmed 
instruction, curriculum outlines, instructor 
guides, student workbooks ar>d technical 



Contact the Curriculum Coordination Center 
in your region for information on obtaining 
materials (e.g., availability and cost). They 
will respond to your request directi/ or refer 
you to an instructional materials agency 
closer to you. 
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Thift block i> Ihd ucond of {tn blOcki providing iramtnQ \n ataclronie prlnclpltfi^ uio of baiic Itfit tt^utpmonl* Mitf ty practlCfli^ ctrtult analvili» loltlurma. 
digtltti ttictiniquttft. microwtiva prlndPloiond trOubJattiootma bo%\c clrculli. A Pfaraquliiie lo Mi block ■> Block i-'OC CifCuiU^ Olock W^AC Cir^uin 
coniAinirtlnti modulei covi»f Ino 44 tioun of ^nmuc1lOf> on tf«qu«ncy ipetlrumiCdpacnors»mtign«llim#rmtantei irDniformfln^ ralaVit at^d ul^cuo^ 
mtiChanical devk». The module toPici and rttiPecttvtt hOun foOow; 
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duralton ol the lesioni, criterion objectives, and support meterieii needed. Student materieh Include a itudeni text used lor ell the modulei: nino 
guidance packages containing objectives, assignments, end review exercises lor eech module; and two Programmed texts on AG computation and 
freqiiencv spectrum and transformers A digest ol modules 1 1«*19 for students who have b^kground in theie lopics and naad onlv a review ol the 
ma|or points ol instruction Is also Provided. 

This material is designed for sell* or group^poc^ instruction to be u«ed with the remaining nine blocks. Most ol the materials can be adapted for 
Irxdividuatized instructiOrx. $ome edditionai miNtary manuals and commerciallv produced texts ere recommended for reference^ but are not provided^ 
Audiovisuais suggested for use with the entire course consist of 143 videotapes which are not provided. 
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PLAtt OF IHSTRUCTtON 
(Tecbaical Triinia^) 



ELECTRONIC PRINCIPLES 
(Modular Self -Paced) 




DEPMimMT or THK M\\ FORCK PUN OF INSTRUCTION 3AQR3OO20-1 

USAF Sell of Applied Aorosp Sci CATC) 6 Novtmbor 1975 

Kccslcr Air Force; Zano^ Mississippi 39534 

FOREWORD 

1* PURPOSE* This publication ia the plan o£ Instruction (POI) when the 
pages shown on pai^e A are bound into a single document* The POI pres- 
cribes the qualitative rOfiulrcments for Course Number 3AQR30020-1, Elec- 
tronic Principles (Modular Self-Paced) in terms of criterion objectives 
and teaching stops presented by DOdules o£ instruction and shows duration, 
correlation with the training; standard, and ^support materials and 
guidance* VTlien separated into modules o£ instruction* it bocories Part I 
of the lesson plan* This POT w^fi developed undnr ttie provisions o£ 
ATCR 50-5p Instructional System Development, and ATCR 52-7, Plans of 
Instruction and Lesson Plans* 

2. COURSE DESICN/DESCRIPTIOW. The instructional design for this course 
is Modular Scheduling and Self-Pacing; however, this POI can also be 
used for Group Pacing. The course trains both non-prior service airmen 
personnel and selected re-enlistees for subsequent entr/ into the equlp^^ent 
oriented phase of basic courses supporting 303XX, 304XX, 307:<X, 309XX s'.nd 
328XX AFSCs, Technical Training includes electronic principles, use of 
basic test equipment, safety practices , circui t analysis , soldering . digital 
techniques, microwave principles, and troubleshooting o£ basic circuits. 
Students assigned to any one course will receive training only in Lhos^ 
modules needed to complement the training program in the equipment pV.ace. 
Related training includes traffic safety, commander's cal ls/brie£ingD and 
end o£ course appolntmen ts . 

3. TRAINING HQUIP^tEKT. Tbe number shown in parentheses nfter enuipment 
listed as Training Eauipment under SlTPORT MATERIALS AIJD CUIDrVNCE Is the 
planned number of students assi(;ned to each equipment unit. 

4. REFEREN^CES. This plan o£ instruction is based on Course Training 
Standard KE52-3AQR30020-1 , 27 June 1975 and Course Chart 3AQR30020-1, 
27 June 1975. 
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PLAN OF INSTRUCTION/LESSON PLAN PART \ 





HLOCK riTLC 






1 1 


AC Clrctilt-K 







COURSE CONIPHT 



j M. < c;itpuLatlon tvAd ^"rertticn^-\ S^^ecM rum (Module 11 y 



DURATtON 



a* r-l7en a ua^f<\\.t.* tl>at rcprL^stJnt.s «ltftrnatlni; current j 
Mt^^\tlfv its chncar:.erljt,lcs In torn? of rvcle; period; alternation: 



(I) Dutine ^iltcrnatlne /^-rre^u 

I 2^ Ixal^el 0 slrt wave to ^liow .^/a^* 











P'- 








renin I ion 1 ;ii>si ci 




P'- 





^ , i i vci V 1 1 iier tn(* o f feci i ve , averaiift . p<'alf , or peat< -ro-peak : 
riL'*5 wave voltage and fomulas, compi^te the other values. CTS; 4a 



. r>'*f iue ih^* * i : *-r; . --Q , a\ ^-vv^ , p o\< 5nd peak-to-peak 



t ^ S'flrt: iir/' mc of ^ ^ave values and .show use 



i '"o^i:^ar.: t - 'jI ; ^ rtMS > A(- volta^^o to HC vo^^La-^e, j 

I 

LVCTi a ' ' cr\ ft ' r^pri'^r\?*~^: : v*: '. 'Jt- t rf quooc ^^ne*": t rum, ( 
• ue ^a;^^:^3 i\^'^^ez ^ radit», I'tuJ^o, ^nd microwavr I 
i f .^ . C'/S : 'li*a:i ' W I 
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1 ^. 
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PLAN OP IN&TRUCTION/LESSON PLAN PART I (CorttUuottort Sh##t) 



COURSE CONTI?NT 



I'xplalti licJ tV'iqutnclcs aru juo^ip^d for elcctrnnic applications, 

(2) TdtinLify ran^^es and (^ent;ral use of each group, 

<j. C Lv',T.i eitlu^r thw fre juoncv, pisriod, or waveiunv,^'i of a oint wave and 
Coi-TiuilAs, cumputi^ tho o^htif values. CTS: 4c(i) , (2) ^ (3 ) ^ (4) Meas: W 

il) Show relationsULps of LtniL^ t>equency and w,iv/elen^th. 

(2) Identify or dtrivt; fomula^ tor conpuitnj; i^nknown values. 

SUPPORT MA'nr.MALS AND GU^DANH: 

Stude r.t Ins Lructiou ci l M ai:*?ri a lj? 

KFP-f;r-ll, A''' Computation and Frequcncv Spectrum 

KKP-ST-U, t\C Circuits 

A'ld io Visual A ids 

TVi;-30-200, Difinir,ion of Analysis oi' A 
I CK - ^0 * .:5i , Fi eqi^ency f^ptjcLruin 
( V;<-*iO- 705 , Wtv/efonn Analysis 

^v. ^ j r\i: Tj^ Me rhods 

^iiscu!^^lon (5 hrs) and/ or Progranuned Set f Instruction 

* V t r !^ n t and KKT * , Oive snidtnts praci icc in selecting or deriving 

,.^r:**'*. f.;-*rmuia for i indinK the nttknown value. \W ospeclally watchful for 
. nrj^jors H! ten. Many studtncs will uorrecr Iv handle tKe matlie- 

iTififK:* /•"■^^^t^*, .i^xl wi i 1 have rronMc wi»*'li tin-* pl ace meric jf the decimal point . 
I ol^ t i '. L^ s tor ■ L ime. 
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f i.tl"**^J riTl e 
















[ 1 


1 ,\^; Circuit n 





COURSt COKteNT 



a, Vro'M a *rroup of s taL tifn*.TU , 5iv>lt*;r the onea wrttcli describe 
lUii piiysical cliaracteri si ica of a r^Apc^fJJnr, CIS; ^4a Nras: W 

' n Basic '.apa* 1 '.or ct'^i',. ruc\. Low 

(2) Types of v^^r^abU ;aoa^:itor'; 

f a> Ri>LL>r ^ r; Lat er :..ipac] t or 

(h) f'ort^rcsaion tapaciu^r 
■"J p fv;: ' f Lxe^l ruprtc ■ r o . 

' a) L\ ■ i;T*rol^ nic 

{b) Pap^:. r 

•ct Oil 



2 DURATION 



' ro^i rt ^:rL>.." ~t at LT:;f!tW , ar!*- ^ t lu* ones wVdch driscribc 
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PLAN OP IHSTRUCTION/LESSOH PUAN PART I (Ctntinuation Sti*«t) 



COURJC CONTENT 



(3) 



To tal capac 1 1 anc c 



(a) 



SerieR 



(b) 



Parallel 



(c) 



Series-'parallel 



c. From a group of statiementis , select the one which describes the phase 
relationship of current and voltage in a capacitor, CTS ; 4a Meas: U 



(1) Phase relationship for direct current 

(2) Phase relationship for alternating current 



d. Given a list of statements, select the ones which describe the effect 
of varying frequency and capacitance on capacitive reactance. CTS: 4d Meas: W 



(1) Define *'capacitive reactance." 

(2) Factors affecting capacitive reactance. 

(a) Frequency 

(b) Capacitance 



e. Olven the signal frequency, formulas, and the value of three capacitors 
in a series-parallel configuration, compute the total capacitance and total 
capnci tive reactance. CTS : 4d Meas : W 



(1) Calculate total capacitance in series -parallels 

(2) Calculate total capacitive reactance --i 
(a) series 

i'b) parallel 

(c) series -parallel 

SUPPORT MATERIALS AND GUIDANCE 



Student Instructional Materials 

KEP-CP-12, Capacitors and Capacitive Reactance 

KEP RT-rr 

KEP-I07 

KEP'llO 

Audio Visual Aids 

TVK 30-255, Capacitors and Capacitive Reactance 
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DATE 

6 November 1975 
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PlAM OF INSTRUCTION/LESSON PLAN PART I (ContlnuottM &h«*t) 



COUftJe CONTKNT 



Ac"lnductor and Capactttve Trainer 5967 (1) 
j Slt^;-Sciuar<i Wave Gencratur 4864 (1) 
;;utirit3tor (1) 



j ;!i}tflr i^anel 4568 (1) 
T raining M&thoda 

Olflcuflfiion (4 hra) and/or Progranmed Self Instruction 
Perfomaace (1 hr) 
OTT Aoolgiunent (1 hr) 

Multiple Instructor Requlr^m enta 
EqulpTnenc (2) 



{ Indtructtonal Guidance 
* Taaue KEP-GP-12* 



J iciauc: ist^r -^JJT"**.* Supcrvise performaiiCR of l^ilioratur* cx**rcis 
! purports objective 2d, inaure that all safety practice? are 
objiczi^ efl 10 be covered during CTT tlmti. 



This exercise 
fillowed. Assign 
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Klcctronic Principlca 
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AC Circuits 



PLAN OF INSTRUCTION/UeSSON PLAN PART I 



course CONTENT 



3, Magnetism (Modulo 13) 



DURATION 



U 

(3/1) 



a. Given a list of statements about TTiagnetii9m» select the one 
which describes poles; magnetic field; flux density; permanent 
magnet; retentlvlty; permeability; reluctance; electromagnet; 
magnetic induction. CTS: llf Meas: W 

(1) Define ''Magnetism/' 

(2) Magnets 

(a) Natural 

(b) Artlflcal 

1^ Permanent 
1 Temporary 

(3) Magnetism terms 

(a) Retentlvity 

(b) Reluctance 

(c) Permeability 

(4) Magnetic field 

(a) Characteristics of flux lines 

(b) Law of magnetic attraction and repulsion 

(c) Magnetic poles 
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PLAN OF INSTRUCTION/LESSON PLAN PART I (Cantinuction %^f) 



COUASe CONTeHT 



(5) Theories of magnetism 

(a) Weber's Theory 

(b) Domain Theory 

(6) Electromagnet ism 

(a) Define ^'Electromagnet/* 

(b) Left hand thumb rule 
1^ Straight wire 

2 Coil of wire 

(c) Factors determining strength of electromagnet 

(d) Define '^Saturation/' 

(7) List requirements for a magnetic inductor, 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 

KEP-GP'13, Magnetism 

KEP'ST'II 

KEP'107 

KEP-UO 

Audio Visual Aids 
TVK'30'165, Magnetism 

TralninR Methods 

Discussion (3 hrs) and/or Programmed Self Instruction 
CTT Assignment (1 hr) 

Instructional Guidance 

Issue KEP-GP-13, There are many new terms introduced in this lesson. Insure 
that students understand their meaning and relationship to the subject of 
magnetism. Assign objectives to be accomplished during CTT time. 



20 



PLAN OF INSTRUCTION NO* 


DATE 


PAGE NO. 


3AQR3 0020-1 


6 November 1975 


28 



PLAN Of INSTRUCTION/LESSON PLAN PART I 



HAMt Of tN^Tr?ucion 



COOfVSE TITLE 

BUctrontc Prtncipleo 



AC Circuit n 



COURSe COHTSNT 



4, Inductors anO IndtictWi; Reactance (Module 14) 

a. From a group o£ statements, select the ones which describe 
the physical characteristics o£ an inductor. CTSr 4a Measj W 

(1) Define ''Inductance* " 

(2) Define **counter-electromottvt; force/* 

(3) Requirements for induction, 

(4> Factors that determine inductance. 

b. From a Kroup of statements, select the ones wtiich describe 
the electrical characteristics oi an inductor, CTS: 4a Meas; W 

{ I) Total inductance, 

(a) Series 

Cb> Parallel 

(c) Series -parallel | 

c. Froia a group of statements, select, the one which describes 
the pi^ase relationnhip or current and voltage in an inductor* CTS: 
nT^i Aa Seas: U 

il) Enductor current, and voltage 

ta) VariabLe direct current power source^ 

l^ First instant 

2^ Af tf^r first instant 



OURATIOH 
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COURS£ CONTENT 



(b) Alternating current power aourcc, 

d, Civcn a list of statements, ^select the ones which describe the effect 
of varyin^^ frequency and inductance on inductive reactance* CTS: 4d Meas! W 

(l> Define inductive reactance, 

(2> ShOFW how inductive reactant;e is affected by changes in 

(a) frequency* 

(b) inductance, 

e. Given the signal frequency, formulas, and the value of three inductors 
in a series-parallel configuration, compute the total inductance and the total 
inductive reactance. CTS: 4d Meas: W 

(1) Compute total inductance in 

(a) series, 

(b) parallt^K 

( c) scries *paral lei . 

(2) Compute toial inductance reactance in 
(a) series. 

(b> parallel, 
f c) series-parall el 
5, ^Jeasure^lent and Critique (Part 1 of 2 Parts) 1 

a. Measurement te,^t 

b, T^st Critique 

SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 

KEP-CP-14, Itiductors and Inductive Reactance 

KRP-ST-II 
KEP-107 
KEV-llO 



Audio Visual Aids 






1 TVK-30-253, Tndiictance and Inductive Reactance 






> TVK"'^0-2n'7, ! tiducr.ance 
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COURSE CONTCNT 



T^;alnlnR EqulPtnent 

AC Inductor and Capacltlve Trainer 5967 (1) 
S Luc -Square Wave Generator (1) 
AO Meter Panel A568 (1) 
Multimeter AN/PSM*6 (1) 

Training Methods 

Discussion (3 hra) and/or PTogramraed Self Instruction 
Laboratory (1 br) 
CTT Assignment (1 br) 

Multiple Instructor Requirements 
Equipment and Safety (2) 

I nstructional Guidance 

fssue KEP-GP'IA* Monitor laboratory exercise to insure correct use of equipment 
and safety practices* Inform students tbat a measurement test must be taken 
covering modules 11 tbrougb lA, Assign objectives to be accompllsbed outside 
of classroom during CTT time* 
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COUnW TITLE 

Electronic Principles 



I 



counse coNteNT 



iu Tranflfonticrs (Modulo 15) 

a. Given a schematic diagram o£ a transformer with a resis- 
tive load » turns ratio, primary Input vol tage» and formulas » 
detertntne the output voltage; the reflected Impedance; i:he phase 
relationships between secondary and primary voltages* cTS; 4h(3) 
Meas; W 

(1) Explain electromagnetic induction In terms ot 

(a) mutual Inductance 

(b) flux linkage 

(c) coefficient of coupling 

(2) Transormer action* 
(a) Turns ratio, 

1_ 5tep"Up* 
2 Step'down* 
(h) Primary and secondary power* 

(c) Reflecced Impedancr. 

(d) Priase shifts across transformers. 

1 O'^ 

2 180*^ 
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t), Troin chcir schcniatic ropres)cncacion» identify air corc» iron 
auto, and multiple winding transformers. CTSs 41i(3) Mcas: W 


core , 


(1) Describe auto, power, audio and RF transformers in terms of 


<a) physical characteristics 






(b) electrical characteristics 






(c) schemat ic symbols 






c« From a list of statements, select the procedures for checking open and 
shorted transformers* CTS: ^h(3) Meas; W 


(1) Ohmmeter checks for 






(a) open winding 






(b) sborted winding 






SUPPORT MATERIALS AND GUIDANCE 




Student Instructional Materials 

KEP-GP-15, Transfonners 

KEP-ST-II 

KEP-107 

KEP-llO 

KEP-PT-15, Transformers 






Audio Visual Aids 
TVK-30-254* Transformers 






Training Methods 

Discussion (3 hrs> and/or Programmed Self Instruction 
CTT Assii^nment fl hr) 




Instructional Guidance 

Issue KEP-CP-15, Assign objectives to be accomplished during CTT time* 
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COURSE CONTGNT 



7. Relays (Modulo 16) 

a* Given a group of statemoncd, select the one chac describes 
the operation of a relay, CTS; 11a Meas: W 

(1) Describe electromagnetic relay 

(a) Construction 

(b) Operation 

b. Given a relay schematic with or without coll current, 
determine which contacts will be open and which will be closed* 
CTS; 11a Meas: W 

(1) Schematic diagram 

(a) Single pole single throw (SPST) relay 
1^ Normally open contacts (NO) 

2 Normally closed contacts (NC) 

(b) Single pole double throw (SPDTl relay 

(2) Electrical states of a relay 
(a) Oe- energized . 

f b) Energized. 
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SUPPORT MATERIALS AND GUICANCE 

Student Instructional Materlila 

KEP-GP-16» Relays 

KEP-ST-II 

KEP-107 

KEP-110 

Audio Visual Aids 

TVK-30-166» Relays and Vibrators 

Training Methods 

Discussion (2 hrs) and/or Progrannned Self Instruction 
CTT Assignment (1 hr) 

Instructional Guidance 

Issue KEP-GP-I6* Assign objective to be covered during CTT time. 
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H, Microphones and Speakers (Module 17) 

a. Given a group of statements, select the one that describes 
the operation of a speaker. CTS: lid Meas: W 

(1) Define loudspeaker 

(2) Earphones 

(a) Construction 

(b) Operation 

(3) Dynamic speaker 

(a) Definition 

(b) Construction 

(c) Operation 

b. Given a group of ijtatemt;nts, select the one tiiat c.escribeG 
the operation of a microphone* CTSJ lid Meas; W 
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SUPPORT MATERIALS AND GUIDANCE 



Student: Instructional Materials 

KEP-GP-17, Microphones and Speakers 

KEP-ST-II 

KEP-107 

KEP-llO 

TralnlnR Methods 

Discussion (2 hrs) and/or Programmed Self Instruction 
CTT Assignment (1 hr) 

Instructional Guidance 

Issue KEP-CP-17. Assign objectives to be accomplished during CTT time. 
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9. Meter Movements and ClrculLfi (Module 18) 

a. From a group of statements related to meter movements 
select the one which describes the function of the permanent magnet; 
the moving coll; the spiral spring; the pointer; the scale. 

CTS: 2d Meas: W 

(1) Moving coll meter 

(a) Characteristics 

(b) Component parts 

(c) Operation 

(d) Schematic symbol 

(e) Meter sensitivity 

b. From a group of statements related to multimeters, select 
the one which describes the function of the shunt resister; the 
multiplier resistor; the ohms zero adjust resistor. CTS: 2d 
Meas: W 

(1) Ammeter operation 
(a) Shunt resistor 

<b) Circuit connection 
(c) Meter sensitivity 

(2) Voltmeter operation 

(a) ^ultlpller resistor 



DURATION 
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\o J uircuic conncc c ion 






(c) Motor sensitivity 






(3) Ohnimeter operation 






(a) Ohm's zero adjust 






(b) Circuit connection 






(c) Ohmneter scale 






SUPPORT MATERIALS AND GUIDANCE 




Student Instructional Materials 

KEP-GP-lSp Meter Movements and Circuits 

KEP-ST-II 

KEP-107 

KEP-UO 






Audio Visual Aids 

LFK 0-30-6, Basic Meter Movements 

LFK 0-30-7, Amp Meters 

LfK 0-30-8, Volt Meters 

LFK 0-30-9, Ohm Meters 






Training Methods 

Discussion (4 hrs) and/or Programmed Self Instruction 
CT7 Assignments (1 hr) 




Instructional Guidance 

Issue KEP-GP-18. Assign objectives to be accomplislied during CTT time. 
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10, Motors and Generators (Module 19) 

a. Given a list o£ statements about motors and generators, 
select the one which identifies the purpose of the field coil; 
the armature; the rotor; the brushes; the slip rings; the ccmmutator 
the pole pieces* CTS ; lib Meas : W 

(1) Basic Generator concepts, 

(a) Requirements for magnetic induction 

(b) Direction of current flow 

(c) Magnitude of induced voltage 

(d) Components of AC generator 

(e) Componenta of DC generator 

(2) Using a pictorial diagram, identify the basic 
components and state their purpose, 

b. Given a group of statements, select the ones that describe 
the operation of a motor* CTS; lib Meas: w 

<l) Define motor* 

(2) Explain force exerted between magTistlc fields, 

(3) Define torque. 

(^) Define counter-electromotive force* 

(5) Show two phase an<; three phase motor operation, 

(6) Explain differences In AC and DC 



DURATION 



7 

(6/1) 



SIGNATURE 



SUPERVI SOR APPROVAL OF LESSON PLAN (PART II) 
oaTh 



SIGNATURE 



DATE 



PLAN or inStructjon no. 
3AQR3O02O-1 



DATE 

6 November 1975 



PAGE NO. 



ERIC 



atc 



APf? 75 



nEPLACES ATC rORWS 337. MAR 73, AND 770> AUG 72, WHICN WJLL BE 



32 



PLAN OF INSTRUCTION/LESSON PLAN PART I (ContlnuotlQn $li««t) 

COURS£ CONteNT 



c, Cilvcn a group of statements, select the ones that describe the 
operation of a generator* CTS: 1 , 1 1> Meas: W 

(1) Compare the operation of a generator with the operation of a motor. 



SUPPORT MATERIALS AND GUIDANCE 

Student Instructional Materials 

KEP-GP-19, Motors and Generators 

KEP-ST-II 

KEP-107 

KEP-UO 

Audio Visual Aids 
TVK 30-201, AC Generators 
TVK 30-202, DC Generators 
TVK 30-703, DC Motors 
TVK 30-704, AC Motors 

Training Methods 

Discussion (6 hrs) and/or Progranmed Self Instruction 
CTT Assignment (1 hr) 



11. Related Training (Identified In course chart) 2 

12, Measurement and Critique (Part 2 of 2 Parts) 1 
a. Measurement test 

Test critique 
Inst rue tlonal Guidance 

Issue KEP-CP-19. Assign objectives to be accomplished during CTT time* Inform 
students that Part 2 of the measurement test covers modules 15 through 19* 
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DIGESTS 

The digest is designed as a refresher for students with electronics experience and/or 
education who may not need to study any of the other resources in detail* 

After reading a digest, if you feel that you can accomplish the objectives of the module, 
take the module seU'Check in the back of the Guidance Package. If you decide not to take the 



seU«check, select another resource and begin study^ 
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MODULE II 



AC COMPUTATION AND FREQUENCY 
SPECTRUM 

In previous lessons^ you studied current 
which flows in one direction only. Now, 
you are ready to take up current which 
alternately flows in two directions. 

ALTERNATING CURRENT (AC). 

Alternating current is the term applied 
to current which periodically reverses its 
direction. 

The sine wave is the most common AC 
waveform. In fact^ the sine wave is so widely 
used that when we think of AC, we auto- 
matically think of the sine wave. Household 




AC Is a dlno wave< Lot ub oxamlnc ati 
AC slue wave iiHin^ the figure. 



EFFECT rVE VALUii 
AVERAGF VALUE 




Notice that the horizontal Line divides the 
sine wave Into two equal parts one above 
the line and the other below It. The portion 
above the line represents the POSITIVE 
ALTERNATION and the portion belowtheUne 
represents the NEGATIVE ALTERNATION. 
The sine wave continuously changes amplitude 
and periodically reverses direction. Notice 
that the wave reaches Its maximum swing 
from zero at 90** and 270°. Each of these 
points Is called the PEAK of the sine wave. 
When we speak of the PEAK AMPUTUDE 
of a sine wave, we mean the maximum swing, 
or the height of one of the alternations at 
Its peak. These terms apply to either cur-* 
rent orvoltage and are Important to remember 
because you will be using them throughout 
your electronics career. 



Next, let us take the term: PEAK-to- 
PEAK. This term, as you can see in the 
figure, represents the difference in value 
between the positive and negative peaks of 
the wave. Of course, this Is equal to twice 



the peak value: 
sine wave. 



'pk'pk 



E , for 
pk 



of thed^ values, and extracting tho squaro 
root. The effective value Is^ thus, the root 
of the mean (average) jsqttarc of these values. 
This value is known as the ROOT'^MEAN- 
SQUARE, or rms value. When we speak 
of household voltage as having a value of 
UO volts, we mean that It has an effective 
or rms value of 110 volts. Unless other* 
wise stated, AC voltage or current Is 
expressed as the effective value. 

A sine wave with a peak amplitude of 1 
volt has an effective value of ,707 volts^ 
This means that a sine wave of voltage whose 
peak value is 1 volt will have the same 
heating effect as .707 volts of DC. To find 
the effective value of a sine wave, multiply 
the peak value by .707. 



^eff 



.707 E 



pk 



The reciprocal ot -707 Is 1.414. There* 
fore, to find the peak value of a sine wave 
multiply the effective by 1.414: 



Another sine wave value that is Important 
to know is the AVERAGE value. This Is the 
average of the Instantaneous values of all 
points in a SINGLE alternation* (The average 
of a complete sine wave is zero). 

Refer to the figure; the AVERAGE height 
>f a single alternation Is .637 times the 
peak value* in other words, E^yg = .637 Epj^. 
The relationship between the average and 
effective values can be determined mathe- 
matically and is shown In the following 
formula: 



Another useful value for the sine wave is 
the EFFECTIVE value. The effective value 
of a sine wave is the amount which produces 
the same heating effect as an equal amount 
of DC. Since the heating effect of current is 
proportional to the square of the current, 
we can calculate the effective value by 
squaring the instantaneous values oi all the 
points on the sine wave^ taking the average 



ave 



.9 E 



eff 



The reciprocal of .9 is I.IK Therefore, 
the effective voltage is 1.11 times the 
average voltage: 
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COHVERT ITOM 


TO GET 


RMS 
EFTECTrVE 


AVERAGE 


PEAK 


PEAK TO 

rajiK 


RMS 
EFFECTIVE 




0*900 






AVERAGE 


1.110 




1.570 


3*U1 


fe:ak 


0,707 


0.637 




2*000 


mK TO 
PEAK 




0.318 


0,500 





The voltage relationships of a sine wave 
are siunmarized in the chart above* 

AUernating current periodically reverses 
direction. We call two consecutive alterna*- 
tionst one positive and one negative* a 
CYCLE, We often refer to the positive and 
negative alternations as HALF'CYCLES* In 
describing the sine wave, we could say 
that during the positive half^cycle it rises 
from zero to maximuni positive and then 
returns to zero, and that during the negative 
half-cycle it drops to a majcimuni negative 
value and then returns to zero. 



* — ^UL^* 

^ POSlFtFf _ 


:fCl« 




H*k.f CfCl< 








» 



Alternations of AC do not happen instan* 
taneously, they take TIME* The term PERIOD 
is used to define the time of one cycle of 
alternating current. Another terra having the 
same meaning as time and period is 
DURATION. The DURATION of one cycle 
is one-si3rtieth of a second, or, ''One cycle 
has a PERIOD of one-sisctieth of a second;" 
or **0ne-si3rtieth of a second is the TIME of 
one cycler" All three terms have the same 
meaning. 



Alternating currents commonly used inatr* 
craft have a period of one four*hundredth 
of a second. This means that one cycle takes 
one four* hundredth of a second and In one 
second there are four hundred complete 
cycles. The number of cycles in one second 
brings up a new term - FREQUENCY. The 
frequency of an AC 1^ the number of cycles 
that occur iri one second. This brings us 
to another term - HERTZ. HERTZ is aUNlT 
OF FREQtffiNCY EQUAL TO ONE CYCLE 
PER SECOND. Instead of saying sixty cycles 
per second, we will say sixty Hertz (Hz). 



rm CwE CfCl( m\ 




As you can see in the figure, there is a 
definite relationship between the period of an 
alternating current and the frequency ci the 
currents Sine wave B has a period that is 
one-half the period of sine wave A* and a 
frequency that is twice the frequency of 
sine wave A, As the period for one cycle 
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becomes shorter^ the frequency increases or 
as the frequency increases, the period of one 
cycle becomes shorter. 

Frequencies are classified as to thei r usage. 
See the figure above^ 

Wavelength is the distance traveled by a 
wave during the period of one cycle and is 
measured in meters. Wavelength involves two 
factors; speed and time^ Speed is the rate 
of movement or, velocity* Electromagnetic 
waves move away from a source at a velocity 
of 300 million meters per seconds Time is 
the period of one cycle and is determined 
by the frequency of the wave. This is 
expressed by the relationship: 




The symbol for wavelength is the Greek 
letter Lambda (X )- K is equal to VELOCITY 
(V) times TIME (t)* The formula is: 

A - Vt 

Substituting frequency for time, the wave- 
length may also be expressed ad: 

MODULE 12 

CAPACITORS AND CAPACITIVE 
REACTANCE 

Capacitance is present any time two con- 
ductors are separated by an insulator^ A 



capacitor consists of two conducting plates 
separated by a dielectric (infiUlator)^ The 
physical properties of a catiacitor that effect 
its values of capacitance Include; (I) the 
plate surface area; (2) spacing between the 
plates; (3) dielectric constant of the insulator^ 
Their relationship canbe shown by the formula; 

kA 

C capacitance 

k := dielectric con5**ant 

D =« dielectric thickness (separation 
between the plates) 

A 3 plate area 

In addition to its measure of capacity^ 
every capacitor has a working voltage rating 
which is determined by the type of dielectric 
and its thickness. The working voltage of a 
capacitor refers to the maximum DC voltage 
values which can be applied to the capacitor 
continuously^ A capacitor marked 600V DC 
should be expected to withstand a continuous 
application of 600V DC without damage. If 
working with AC voltage, the peak voltage 
value must be considered^ Any combination 
of AC and DC voltages must not exceed 
the voltage ratings 

In many circuits, capacitors are con- 
nected in series, parallel, or seiies- 
paralleU To determine the capacitatice of a 
circuit, we must be familiar with the rules 
for calculating the total capacitance for the 
three common circuit configurations. 
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Series etjulviilent of Cl and C2 



For two Or more capacitors wlredlnaerlea, 
as shown, the total capacitance Is smaller 
titan any ot the Individual capacitances* Ttic 
total capacitance can be calculated with the 
formula: 



1 



C. 



Cl 



C2 



Parallel equivalent of C3 and C4 
^tb = C3 + C4 



Cl 



C2 



C3 

REP4-974 



Total capacitance of C and C . (In series) 

ta to 



ta 



'tb 



PARALLEL 

For capacitors wired in parallel, total 
capacitance can be calculated with the formula: 



C^ = Cl f C2 f C3 4. . . . 



if 



-to 



REP4-977 




REP4'9 7 



SERIES- PARALLEL 

In series-^parallel circuits, total capacitance 
can be calculated by dividing the series-^ 
parallel network into simple series or parallel 
circuits and solving each independently* Then, 
combine the independent solutions {equivalent 
circuits) using the rule for series circuits* 




C4 

7^F 



REP4-976 
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A capacitor in an AC circuit causes a 
pliase difference, between voltage and current* 
The figure represents the AC waveform of 
both current and voltage in a purely capaci- 
tlve^ idealized circuit* Notice that current 
and voltage are 90^ out of phase* Current 
leads voltage by 90**, 




REP4*9 7B 

Capacitive reactance is the opposition by a 
capacitor to the flowof alternatingcurrent^ 
The two factors which govern capacitive 
reactance are frequency of the applied volt- 
age and the value of the capacitance in the 
circuit* Their relationship is shown by the 
formula: 



40 



16 



C 2if tC 
« capacitlve reactance 

f =3 frequency of the ^PpLi^cl voUaije 
C - capacitance in the circuit* 



Total capacitlve reactance can be computed 
for any circuit once total capacitance has 
been determined* 



MODULE 13 

MAGNETISM 

Magnetism^ like electricity^ is an invisible 
force which has been known to man for cen' 
turies and yet no one knows the full 
details ^ to what causes it* Magnetism can 
be described as the property of a material 
that enables it to attract ferrous material 
as Well as other magnetic material such as 
iron, steel, nickel^ and cobalt. Magnets can 
be classified into tvro general types^ temper 
rary and permanent. Atemporary magnet vdll 
have magnetic qualities for only a short 
time while a permanent magnet will hold its 
magnetic strength for a very long period, 
practically indeflnately. A magnet will have 
two poles, a NORTH POLE and a SOUTH 
POLE* Imaginary lines called magnetic lines 
of force leave the north pole, and enter 
the south pole as shown in Figure 1 . 



The number of lines would indicate the 
strength of thij^ MAGNETIC FIELD. By 
reshaping the bar magnet of Figure lA to 
the horseshoe shaped magnet in Figure IB, 
the magnetic field Is more concentrated. 
The ends of the bir form the poles, every 
magnet will have a north pole and a south 
pole* When the number of magnetic lines is 
expressed In terms of unit area it is called 
FLUX DENSITY. 

Some materials can pass magnetic lines of 
force easier than others* The ease with 
which these lines are passed is called 
PERMEABILITY. An alloy called permaloy 
has a much greater permeability than iron. 
The ability of a material to resist the mag^ 
netic lines is called RELUCTANCE and Is 
similar to electrical resistance* 

One method of making a temporarymagnet 
is to wrap a piece of material, called a 
core, with a conductor and pass an electric 
Current through it. This would be called an 
ELECTROMAGNET and is shown In Figure 
2. 



COiL 



CORE- 



Figure 2 

The current passing through the conductor 
is called the MAGNETIZING FORCE. When 
the current is removed the core material 
vill retain some of the magnetic force. 



s:^ ; 





Figure 1 
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Different typos of coro material will be 
able to retain tho magnetic force for dif* 
ferent periods of time* Tho ability to retain 
the maKnOtlc torce la called RETENTIVITY, 
The amount of magnetic force left Id called 
RESIDUAL MAGNETISM. 

Another method of magnetizing an un* 
magnetized bar of magnetic material is by 
MAGNETIC INDUCTION* This can be 
accomplished by stroking the unmagnetized 
bar with a magnet. 

MODULE 14 

INDUCTORS AND INDUCTIVE 
REACTANCE 

Inductance Is the property of a circuit 
which opposes any change in current flow. 

An Inductor Is basically a coll of wire. 
There are four physical factors which affect 
the Inductance of a single-layer coll. They 
include: (1) the number of turns in the 
coil, (2) the diameter of the coil, (3) the 
coil length, and (4) the type of material used 
for the core. 

Their relationship can be shown by a 
formula: 

L p- 



L = Inductance 

N = Number of turns 

A « Cross-'Sectional area of the core 

IX 3 Permeability of the core material 

1 = Length of the coil 



The unit of Inductance (L) of a coil is the 
henry (H). A coil which develops a CEMF of 
one volt when the current is changing at the 
rate of one ampere per second has an 
Inductance of one henry. 



An inductor in an AC circuit causes a 
phase difference between current and voltage. 

The figure represents the AC waveform of 
t3oth current and voltage in a purely inductive, 
idealised circuit* Notice that current and 
voltage are 90* out of phase. Current lags 
the voltage by 00^ (See figure below). 




Inductive reactance is the opposition an 
inductor offers to the flow of alternating 
current. The two factors which govern 
inductive reactance are frequency of the 
applied EMF and the value of the Inductance 
in the circuit. Their relationship can be shown 
by the formula: 

= Z'triL 

X ^ Inductive reactance 
Zir = 6.28 

f s frequency of the applied EMF 
L = Inductance in the circuit 

In many circuits^ inductors occur in series, 
parallel, and series-* parallel coniigurations. 
To determine the total inductance of a 
circuit, we must calculate inductance for the 
three common circuit confic^urations. 

SERIES 

For two or more inductorswiredinseries, 
as shown, the total inductance for the circuit 
below can be calculated with the formula: 
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A Ll f L2 f L3 V » » » 



LI 17 LJ 

/mr^-nmn rnnn — 



Total Inductance: b 



3T 



aSdrlosEQulvaldnt 



+ L 



S)ParaUelEquivalent 



PARALLEL 

For two or more inductors wired in parallel, 
as shown» total inductance can be calculated 
with the formula: 



1 



LI ^ L2 * L3 * 



Lto 



L3r 




Total Circuit inductive reactance can be 
computed after total circuit inductance has 
been found. 



Symbols for inductors in electronic circuit 
diagrams are: 



If 



SERIES- PARALLE L 

m series- parallel circuits » total inductance 
can be calculated by reducing the series* 
parallel network to simple series and parallel 
circuits and then solving tbe resulting 
equivalent circuits 



Series Equivalent of Ll and L2 = L 



t 



« Ll + L2 



Parallel Equivalent of L3» l4 and LS 



= L, - 



^ U * L4 * L5 



**A" has an air core> 
magnetic core» and "C' 
magnetic core. 



Inductor Losses 



C 

REP4'994 

**B** has a fixed 
has a variable 



There are three types of power loss in 
inductors: Copper^ hysteresis^ and eddy 
Current losses. Copper loss can be reduced 
by increasing the size of the conductor^ 
Hysteresis loss can be reduced by using 
high permeability material for the core. 
Eddy current loss can be reduced by lami- 
nating the core^ 
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MODULE 15 

TRANSFORMERS 

A transformer Is a device that tratisfers 
electrical energy from one circuit to another 
by electromagnetic Induction. 

Transformer schematic symbols above are 
draAvn in reference to the construction. 

Air-core transformers are commonlyused 
In circuits carrying radio-frequency energy, 

Iron^core transformers are commonlyused 
in audio and power circuits. 

Multiple secondary winding types are com- 
monly used in power supply circuits, 

Auto-^transformers are used where we do 
not need the electrical isolation of separately 
Insulated primary and secondarv windings, 

A transformer can be connected to step^ 
up or step-down voltage. The turns ratio 
of the primary to secondary will determine 
its use in the circuit. 

The behavior of Ideal transformers can be 
calculated from the following set of basic 
equations: 



Voltage- Turns 
relationship 

Voltage- Cur rent 
relationship 

Current-Turns 
relationship 

Impedance^Turns 
relationship 




Impedance- Voltage 
relationship 



Impedance-Current 
relationship 



Conservation of Energy 
relationship 



Z 



Z 



P . P 
prl - sec 



From the schematic representation you can 
determine the phase relationship between 
secondary and primary voltage. The sense 
dots in the schematic indicate the ends of 
the windings which have the same polarity 
at the same instant of time. 




3 



y 



The phase of the output voltage can be 
reversed by reversing the direction of one 
of the windings, or simply by reversing the 
leads to one of the AVindings, where it is 
necessary to keep track of the phase relation- 
ship in a circuit, we mark one end of each 
winding with a sense dot. 

An ohmmeter can be used to determine 
whether a transformer is open or shorted 
by comparing the resistance of the 
windings to a known specification. 
The best way to check a transformer 
is to apply the rated input voltage 
and compare the measured output 
voltage to its specification. 
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MODULE 16 
RELAYS 

A relay Is an electromechanical device* 
Relays are made In many forms or sizes 
and used in many types of control circuits^ 
AH electromagnetic relays operate on the 
principle that a piece of soft Iron called an 
armature is attracted to the pole of an 
electromagnet when the pole becomes ener- 
gized< This armature can engage one or 
more switch contacts^ These switch con- 
tacts can be arranged in various configura- 
tions such as: Single pole single throw 
(SPST), Double pole double throw (DPDT), 
Single pole double throw (SFDT), and many 
other combinations^ 

Normally open contacts (NO) and normally 
closed contacts (NC) refer to contact condl** 
tions when the relay is de-energized< 

CONTACTS ;n 





CONTACTS T i 2NC 
CONTACTS 2&3NO 



Figure lO-'l shows all relays in the de- 
energized condition with tho contacts oponor 
clotted att indicated^ When energized the 
normally open contactti will close and the 
normally closed contacts will open< 



MODULE n 

MICROPHONES AND SPEAKERS 

In order to hear any reproduced sound 
such as music or speech from a radio, 
TV, or stereOf a loudspeaker is used< A 
speaker converts electrical signals to sound 
waves. The speaker uses a cone shaped 
diaphragm which vibrates at the applied 
audio rate and produces the sound waves* 
All electrodynamic speakers employ the 
principle of the interaction of two magnetic 
fields, one produced by either a permanent 
magnet or an electromagnet, the other by 
the audio signal applied to a colL See 
figure 1, 
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Figure 16-1 



Figure 1 

The coil (called a voice coil) is attached 
to the cone so that the cone will move back 
and forth according to the applied audio 
frequency or AC signal* The cone is held In 
place by a flexible device called a 
spider. 
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A l^Gu^lHCt^ oarplcco or oarptK)ne also applies 
the sanio principle^ Instead of a cone shaped 
diaphragm, It may use a flat metal disk. 

A microphone is the device used toconvert 
sound waves to an electrical signal or audio 
frequency^ ^hich Is then amplified to the 
desired level required for the specific appli- 
cation. Most types will use a diaphragm. 
The diaphragm, in turn^ is fastened to some 
type of transducer which will generate the 
AC signal at the same frequency as the sound 
waves impressed on the diaphragm. 



MODULE le 

METER MOVEMENTS AND CIRCUITS 

You already have a good understanding of 
electromagnetlsm. Three classes of meter 
movements applying this principle are: 
roovlng-coil» moving*lron> and dynamometer. 
The most common meter movement is the 
moving coil and is often referred to as the 
d*Ars6nval movement. See figure 1* 

The principle of operation is as follows: 
Current flow through the moving (moveable) 
coil will cause a magnetic Held which will 
interact with the magnetic field of the per* 
manent magnet^ causing a torque on the coil. 
The pointer is fastened to the moving coil 
and will Indicate a certain reading on the 
calibrated scale^ If more current passes 
through the coil, the pointer will deflect 
further until full scale deflection (FSD) 
is reached* Deflection is directly propor* 
tlonai to current flow* The sensitivity of any 
meter is dependent on the amount of current 
required for FSD. 



In order to extend the range of the meter 
used for measuring a higher current a meter 
shunt resistor is used. This allows some of 
the current (Is) to bypass the meter move^ 
ment and go through the shunt resistor (Rg). 
The current going through the meter move- 
ment should never exceed the current re*^ 
quired for FSD (Ini)» but it will always be 
proportional to the current through the shunt 
resistor. 

To determine the value of R3, use Ohm's 
Law in this manner: 



where 



Example: 
and I| = 10 
= 11.1 ohms. 



I R = I R > 
s s mm 



s t m 



m 



= 1 mA> R 



m 



100 ohmS| 



mA. Find the value of R„ • R, 



When used as a voltmeter the current 
through the meter must again be limited 
to the FSD value* Adding a resistor in 
series with the meter movement will limit 
the current for the voltage being measured* 
This series resistor is called a multiplier 
resistor (Rj^)- The value of 
determined by: 



Rjf can be 



m' 



where 



t I_ 



m 



Example: Using the same meter movement 
of 1 mA FSD» Rj^ would have to be 99^9 
k ohms to extend the voltmeter range to 
100 volts. 



The same meter movement can be used as 
an ammeter^ voltmeter^ or ohmmeter depend* 
ing on how it is connected with other com* 
poneutii. By proper switching any one of 
these three functions can be used* This 
type of meter is called a multimeter* The 
scales that could be used are shown infigure 
2. Note that the same linear scale can be 
used for milliamperes or volts. The ohm- 
meter scale is inverse and non* linear. 



To use this same meter movement as an 
obmmeter a dry cell could be used as a volt- 
age source. Two resistors are now used in 
series with the meter. One of the resistors 
is variable and is adjusted for FSD with the 
test leads of the ohmmeter shorted together. 
This compensates for the drop in voltage as 
tlie dry cell ages* The value of these 
resistors can be determined by applying 
Ohm's Law. 



22 



46 




Figure 1 




Figure 2 
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A. AC CENBRATOH ^ OEfflERATOR 

Figure \ 



MODULE 19 
MOTORS AND GENERATORS 

Two more devices that use electromagne- 
tism are the generator and motor » The 
generator converts mechanical energy to 
electrical energy while the motor reverses 
this action. 

Let us consider the generator action first. 
One or more conductors moving within a 
magnetic field, so as to CUT these lines. 



will produce an EMF. The conductors are 
wound on an armature or rotor. The ends 
of each loop connect either to two slip rings 
in an AC generator or to the segmer*ts of a 
commutator in the DC generator* Some 
mechanical power source must turn this 
armature. Brushes make contact with the 
revolving slip rings or commutator and con- 
nect the armature to the load device. See 
figure 1. 

The magnetic field can be provided by an 
electromagnet or by a permanent magnet. 



0 @ @ @ 0 




Figure 2 
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Pole pieces are used to concentrate the 
magnetic lines* The pole pieces and the 
armature core provide a low reluctance path« 

With a single coilfortlte armature winding, 
a complete cycle of AC will be produced for 
each revolution* See figure 2* As the coil 
rotates from 0*" it cuts the magnetic lines 
of force inducing an EMF in the coiL This 
EMF causes current to flow through the 
conductor^ slip rings, brushes, and load* At 
the 90" position the conductor cuts the most 
lines per unit of time and thus maximum 
voltage Is induced. At the 180' point the 
conductors move parallel to the magnetic 
lines and the output voltage wiU be zero. 
At 270* the output is maximum negative. 
At sec point, the cycle will start over. 
Maximum amplitude is directly proportional 
to the speed of rotation and the strength 
of the magnetic field* 

Now that the operation of the AC generator 
Is understood, let's make a minor change 
to produce a DC output. 



Applying the left*hand rule we can see 
that the direction of current flow in the 
conductor changes as coil rotates. This 
reversal takes place at the 0^ and 180^ 
positions* By a switching action ttiisre\*ersal 
oi Current through the load can be elimi* 
nated by replacing the two slip rings with a 
commutator* For a single loop armature 
winding a two segment commutator is used. 
If the armature winding has two loops then 
a four segment commutator ^uld he used* 
One end of each loop is connected to a 
segment. Two brushes are used to make 
contact \^ith the rotating commutator just as 
In the AC generator. 



All motors operate on the interaction of 
magnetic fields. A force is exerted bet*.veen 
a stator field and the field of the armature 
which is free to rotate. The ;imount and 
direction of this force will determine motor 
speed and direction of rotation. Speed is 
also a function of frequency and the number 
,of pole pairs in the AC motor. 
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ALTEnNATINO CURRENT 



1-1. In previous leasonst you studied current 
which flows in one direction only. Mow* you 
are ready to take up currentwhich alternately 
flows in two directions. ALTERNATING 
CURRENT (AC). Let us start by defining 
alternating current. 

l'*2. Alternating current Is tho term applied 
to current which periodically reverses its 
direction. 

1*3. As you knowf current supplied by a 
battery is direct current. This n)eana» of 
course^ that the current flows in one direction 
only. Tberefore* it is UNIDmECTlONAL. 
Alternating current* on the other hand» is 
BIDIRECTIONAL. That is, the electrons flow 
first in one direction and then in the opposite 
direction. U we were able to continuously 
reverse the polarity of a battery* we would 
have bidirectional* and thus alternating 
currents 

1-4. Graphic representations of how volt- 
age and current changes in amplitude and 
direction over a period of time* are called 
waveforms. Figure 1-1 shows various wave- 
forms of alternating current* A special type 
of alternating current waveform is sym- 
metrical. A waveform is symmetrical when 
the second half of the waveform is the mirror 
image of the first ball of the waveform, but 
with reversed polarity^ In figure 1-1^ the 
square, circular, and slnewave waveforms 
are symmetrical. 



Figure 1-1. Alternating Current 



1-9. The sine wave is the tnost common 
AC waveform. In fact, the dine wave is so 
widely used that when we think of AC* we 
automatically think of the sine wave. House* 
hold AC is a sine wave. 

1-6. The shape of the sine wave is a plot 
of points generated when a radius line of a 
circle rotates through 360* (figure 1-2). The 
points are determined by the distance from 
the arrow of the radius to the horizontal 
(0* - laO*) reference line as the radius 
rotates counterclockwise through 360*. You 
can see that this distance is continually 
chsuiglngf Therefore* to describe the sine 
wave of alternating current* we must add the 
following to the previous definition. 

>7. AltemaUng current is CONTINUOUSLY 
changing in amplitude and periodically revers- 
ing direction. 

1-fi^ Starting atzero»thesinewaveincreases 
to a maximum amplitude in one direction and 
then decreases to zero^ It then increases to a 
maximum amplitude in the opposite direction 
and again decreases to zero* The sine wave 
of voltage or current is thus CONTINUOUSLY 
CHANGING IN AMPUTUDE and periodicaUy 
reversing direction. 

1-9, The sine wave of figure 1*2 is pro- 
duced by plotting the sine values of a vector 
rotated through 360*. Therefore* it is called a 
SINE WAVE^ The form or shape of the sine 
wave can represent either alternating voltage 




Figure 1-2. Sine Wave Generation 



1-1 
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or alternating current. Lot us oxamlnc 
an AC BiM wave in greater dotall» urtng 
figure 1-3, 

1-10, Notice that the horizontal lino divides 
the sine wave into two equal parts one 
above the line and the other below it. The 
portion above the line represents the POSI- 
TIVE ALTERNATION and the portion below 
the line represents the NEGATIVE ALTER- 
NATION, Notice that the wave reaches its 
maximum swing from zero at 90"^ and 270". 
Each of these points is called the PEAK of 
the sine wave. When we speak of the PEAK 
AMPLITUDE of a sine wave» we mean the 
maximum Swing* or the height of one of the 
alternations at its peak. These terms apply 
to either current or voltage and are important 
to remember because you will be using them 
throughout your electronics career. 

1-11. Next, let us take the term: PEAK- 
TO-PEAK. This term, as you can see in 
figure 1-3, represents the difference in 
value between the positive and negative peaks 
of the wave. Of course, this is equal to 
twice the peak value: E z 2 E for a 
sine wave. 

1*12. Another useful value for the sine wave 
is the EFFECTIVE value. The effective value 
of a sine wave is the amount of current or 
voltage that produces the same heatingeffect 
as an equal amount of direct current or volt* 
age* Since the heating effect (power) is pro* 
portional to the square of the current, or 
voltage^ we can calculate the effective value 
by squaring the instantaneous valuesof all the 
points on the sine wave, taking the average 
of these values, and extracting the square 
root* The effective value is, thus, the root 
of the mean (average) square of these values. 
This value is known as the ROOT-MEAN* 
SQUARE, or RMS value. When we speak of 
household voltage as having the value of 110 
volts, we mean that it has an effective or 
RMS value of 110 volts. Unless otherwise 
stated, AC voltage or current is expressed 
as the effective value. 

1*13. Suppose we have a sine wave with a 
peak amplitude of 1 volt^ The square root of 
the average of the squares of the values of 
this sine wave is .707* This means that a 




Figure 1-3* Sine Wave Labeling 



sine wave of voltage whose peak value is 1 
volt will have the same heating effect as 
,707 volts of DC, To find the effective value 
of a sine wave, multiply ^707 times the 
peak value: 

E - *707E 
eff ■ pk 

1-14. For example, if a sine wave has a 
peak amplitude of 10 volts^ the effective 
voltage Is 7,07 volts (,707 x 10 = 7.07), 

1*15. The reciprocalof .707 is 1.414. There- 
fore, if you know the effective value of a sine 
wavet you can find the peak value by multi* 
plying the effective value by 1.414; 

E , ■ 1.414 E „ 
pk eff 

1-16. Another sine wave value that Is 
important to know is the AVERAGE value. 
This is the average of the instantaneous 
values of all points in a SINGLE alternation. 



1-17. Refer to figure 1-3; the AVERAGE 
height of a single alternation is .637 times 
the peak value. In other words, E^ve ' 
*637 Ep^* The relationship between the 
average, peak, and effective values is shown 
in the folloMi'ing formula: 



E ■ .637 E . - .9 E 
ave pk eii 
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1-16« Ai you can mo, avorago voltago Is 
equal to .637 of the peak voltage and «0 of 
the effective voltage. The reciprocal of «0 
is 1.11. Therefore! the effective vdltage is 
l/u times the average vdltage. 

E., - 1.11 
eff ave 

1-10. Now^ let us Identify eome additional 
ilne wave terms« using figure l-4« 



1-20. As stated before^ alternating eur« 
rent periodically reverses direction. We 
call tim consecutive alteraatlons» one posi- 
tive and one negative^ a CYCLE* The posi- 
tive and negative alternations are HALF- 
CYCLES, The positive haU-cyde rises from 
zero to maximum positive and then returns 
to zero. The negative half-cycle rises from 
zero to a maximum negative value and then 
returns to zero. 



1-21. The alternations of AC do not 
happdn Instantaneously. They take TIME. 
For examplSj household current takes one- 
sixtieth of a second for a single cycle. The 
term PERIOD is used to define the time 
of one cycle of alternating current Another 
term having the same meaning as time 
and period is DURATION. Let us see how 
each of these terms could be used when 
speaking of household current We could 
sayj "The DURATION of one cyde 
is One-sixtieth of a second**; or "One cycle 
has a PERIOD of one-sixtieth of a second*^ 
or ^'One-sixtieth of a second is the TIME 
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Figure 1-4. sine Wave 



of one cycle." As you can soe^ all three 
terms can be used In each of the statements 
without changing the meaning. 

1-22. Alternating currents haveperiodsother 
than one-sixtieth of a second. The current 
commonly used in aircraft hasaperlodofone 
four-hundredth of a second. This means that 
one cycle takesone four-hundredth ofasecond 
and in one - second there are four hundred 
cycles. The difference inthenumberof cycles 
in one second between aircraft current and 
household current brings up a new term - 
FBBQUENCY. The frequency of anyAClsthe 
number of cycles that occur in gne second. 
This brings us to another term - HERT2U 
HEBTZ is a UNIT OF FBEQUENCY EQUAL 
TO ONE CYCLE PER SECONU Instead of 
saying slx^ cycles per second^ we wlU say 
sixty hertz. Hertz is abbreviated Hx. 

1-23. As you can see In figure 1-5, there 
is a definite relationship between the period 
of an alternating current and the frequency 
of the current. Notice that sine wave B has a 
period that is one-^half the period of sine 
wave A» and the frequency of B is twice the 
frequency of sine wave A. It is Important to 
remember that, as the period of time for 
one cycle becomes sbLrter* the frequency 
increases or as frequency increases* the 
period of One cycle decreases. 

1-24. In electronlcSt sixty hertz (60 Hz}and 
four hundred hertz (400 Hz) are relatively 
low frequencies. When we talk of frequencies 
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Figure 1-5. Frequency Comparison 
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In the thousands or mllilons^ It becomea 
awkward and cumbdrsome to use cycles as 
a standard measuring term* Th^refore^when 
we Speak of frequencies in the thousands, 
Wij use the term KILOHERTZ (kHz); and 
when we speak of frequencies InthemllUons* 
we Ufie the term MEQAHEljEtTZ (MHz). You 
no doubt have heard these terms on radio 
and television when the announcer identifies 
the station* When you studied powers of 10» 
you learned that the term KILO means 
thousand and that the term MEGA standa 
for million* Therefore, kllohertz means a 
thousand hertz and megahertz means a. 
minion hertz. 



1-25. When we speak of a frequency of 10 
kllohertz^ we mean that there are 10,000 
cycles per second. When We speak of a fre- 
quency of 600 megahertz, we are speaking 
of 600p000,000 cycles per second. 



1*26« Since the period of a cycle becomes 
smaller as the frequency increases, we not 
only need new terms for very high values^ 
but we also need new terms for very small 
values. Therefore, we usethepreftxesMILLI 
and MICBO when we talk of a thousandth 
or millionth part of something. When we talk 
of a thousandth of a second, we say MILLI- 
SECOtn^ (ms). We use MICROSECOND (^s) 
when we talk of a millionth of a second. 



1-27* Now» let us go back to the sine wave 
and take up a few more points. An AC 
sine wave is a pictorial presentation of 
alternating current. U shows the direction 
of current by raising above» and dropping 
below^ the zero reference line. The current 
reverses direction at the zero referencellne 
at the beginning of each half*cycle. There 
are two CUDDENT REVERSALS In 
each cycle. We can find the number of 
current reversals In an AC signal by multi- 
plying the frequency by two* A sixty-hertz 
current has one^hundred'^twenty^^current 
reversals per second (60 x 2 = 120). 



1-284 Ptiade Relationship* 



l-29« Sine waves aro vintages or curnmts 
that Vary with time* It Is possible to have 
two sine waves that have the same 
frequency, but reach their positive pt?aks 
at different tlme£). 



1-30. Figure 1-6 shows three sine waves* 
Notice that wave A and wave B move togettte r. 
That Is, they start at zero, rise to maximum 
at ninety degrees^ return to zero at one- 
hundred*eighty degrees and repeats the same 
action In the negative hall-cycle. Because 
the two sine waves go through all parts of 
the cycle together, they are in-phase* The 
sine waves may represent voltage or cur- 
rent The voltage may be In-phase or a 
current may be In-phase with a voltage. 



1-3U An OUT-OF- PHASE relationship 
exists any time that the waves do not move 
together. This out*of-phase relationship can 
be seen \yy comparing sine wav(» A and sine 
wave C In figure 1-6. As you can see, the 
sine wave C is maximum negative when the 
sine wave A Is zero {at the start of Its 
positive half-cycle). Wave C reaches zero 
when wave A goes maximum positive and 
reaches maximum positive ninety degrees 
later when wave A is zero. When describing 
this relationship^ we say that wave C LAGS 
wave A tjy ninety degrees* It is also said 
that wave A leads wave C by ninety degrees. 



1*32. Deleted, 



1-33. Deleted, 



1*34* Frequency Oassifi cation. 



1-35. A rainbow is produced when sun light 
is separated into many frequencies by indi** 
vldual rain drops* Some of these frequencies 
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are seen as the colors * violet, blue, green, 
yellow, orange, and red. The frequencies 
Immediately above the visible spectrutn are 
called ultraviolet and the frequencies imme* 
dlately below the visible spectrum are called 
Infrared, since ^ visible rays exist between 
the ultraviolet and infrared frequencies, we 
refer to the visible Ught frequencies as a 
group. That Is, tbey differ from other fre- 
quencies in a special way* We find other 
frequencies arranged Into groups In a slml* 
lar manner. You have no doubt heard of 
x-rays» cosmic rays, alph^ rays, beta rays, 
gamtna rays, and microwaves. Figure 1-7 
shows the range of frequencies making up 
the frequency spectrum. 

1*36. Refer to figure 1*7 to see bow the 
frequencies used in electronics are grouped. 
Notice that DIRECT CURRENT (DC) has 
lero frequency (no alternations! Frequencies 



between 0 Hz and about 2,500 Hz are classi- 
fied as POWER FREQUENCIES. The fre* 
quencles between 20 Hi and 300 GHz are 
dassUied Into twobroadgroupscalledAUDIO 
FREQUENCES and RADIO FREQUENUES. 
The audio frequency group Includes 
all frequencies that, when converted to 
mechanical vibrations, can be detected by 
the human ear. The frequencies above the 
audio range, when converted to electrical 
vibrations, are classified as radio frequent 
cies because they are used for radio-^wave 
transmission. 

1-37. POWER FREQUENCIES. Powerfre- 
quencles range from 0 Hz (DC) to almost 3 
kHz and oveilap a portion of the audio fre<- 
quency range. DC Is usedas the power source 
for electronic amplifiers. The mosL conunon 
AC power frequencies are 60 Hz and 400 Hz* 
Of coursei these two frequencies are not 
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Figure 1-7. Frequency Spectrum 
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tho only oncti produced by power sources i 
In the United Statct^ do Hz id the common 
household power frequency. Many countries 
of the world use 50 Hz. Aircraft and ships 
use 400 Hz as a power frequency to save 
space and weight. Smaller components are 
used with the higher frequency* 

1-36, AUDIO FREQUENCIES/Forthe time 
beings let us concentrate on the audio fre- 
quencies. These are the frequencies between 
20 Hz and 20 kHz, We can hear these fre- 
quencies and we can distinguish between 
them. For example^ If you hit two keys on a 
plano» you can detect the tone of each key. 
The tone with the higher pitch has the 
greater frequency. If we produce tones of 
higher and higher frequency^ the pitch of the 
tones becomes higher and higher until we 
can no longer hear them. The exact point 
In the audio range of frequencies where 
tones can no longer be heard Is not the 
same for all Individuals. Therefore^ the 
upper limit of the audio frequency range 
Is an arbitrary figure of 20 kHz. 

1-39. PAOlO FREQUENCIES. The fre^ 
quencles between 20 kHz and 300 GHz are 
classified as radio frequencies. Since dlf" 
ferent frequencies within this wide range 
produce different effects in transmission^ 
they are subdivided into bands for con- 
venience of study and reference. The bottom 
portion of figure 1-7 shows how the fre- 
quency spectrum is divided into bands* 

1"40. Notice that the lower frequencies^ 
those below 30 kHz, are classified in the 
VERY'LOW FREQUENCY (VLF) band. This 
band includes some of the audio frequencies. 
All of the bands have an upper limit which 
is ten times the value of their lower limit. 
The next band above the VLF is the LOW- 
FHEQUENCY (LF) band which Includes the 
frequencies between 30 kHz and 300 kHz. 
Frequencies between 300 kHz and 3 MHz 
are in the MEDIUM- FREQUENCY (MF) 
band. This is the band which includes the 
commercial radio broadcasting frequencies 
(535 kHz to 1650 kHz). The rest of the 
spectrum is considered high frequency and 
is divided into HIGH- FREQUENCY (HF), 
VERY-HIGH FREQUENCY (VHF), ULTRA- 



HIGH FREQUENCY (UHF), SUPER-HIOH 
FREQUENCY (SHF), and EXTREMELY- 
HIGH FREQUENCY (EHF) bands. You have 
no doubt heard of VHF and UHF in con- 
nection with tdlevldion. Most airborne radars 
operate in the SHF range. ThetennMlCRO- 
WAVE is loosely applied to frequencies 
above 1000 MHz, 

1-^41, Frequency Calculation, 

1-42, You learned that the most common 
AC waveform is the sine wave. We defined 
frequency as the number of cycles which 
occur every second^ so a wave which occurs 
sixty times every second is defined as a 
frequency of 60 hertz, 

1-43. Wave motion is abundant in nature. 
You are famlUar with waves on the surface 
of water. Sound consists of waves which can 
be transmitted through a physical medium. 
Earlier we spoke of light waves, and how 
they form a rainbow. 

1*44. Many times when you were making up 
your bed^ you nipped the end of the blanket 
to smooth out the wrinkles. You probably 
noticed that when you did this, you created 
a wave in the blanket that started at your 
fingers and moved dawn to the bed. If 
you carmot remember doing this^ try it. 
Notice that you can control the wave by the 
arm movement you use. This is illustrated 
in figure 1-^8. When the arm movement is 
slower^ a longer wave is developed^ as shown 
in the upper illustration* Notice in the lower 
illustration^ when the arm movement is 
faster^ a shorter wave is created. By com- 
paring these two waves^ you can see that 
the longer wave covers more distance than 
the shorter one. The top wave obviously was 
the greater lengthy or, using a new term: 
its WAVELENGTH is longer. Thus, you can 
see that wavelength means the actual physical 
length of the wave. 

N45. At this pointy distinguish between 
W.WELENGTH and WAVE AMPUTUDE. A 
sound, for example^ may be a fixed tone 
(wavelength) but it may be loud or soft 
(amplitude)^ 
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1-^46, NoWf let's look at wavelength from 
another point of view. Wavelength can also 
mean the distance that the front part of the 
wave will travel beyond a certain point by 
the time the end of the wave reaches this 
point. As you can see In figure 1-^8, If we 
use C as our reference point, the leading part 
of the top wave will be at point D when the 
trailing edge of the wave reaches the reference 
point. This Is represented by the dotted line 
and represents one wavelength. 

1-^47. tf the elements of the upper and lower 
waves of Ogure 1-8 travel at the same speed, 
then two waves of the lower Illustration will 
pass point C in the same time that It takes one 
wave In the upper Illustration to pass the same 
points Since wavelengthls the distance traveled 
during the period of one wave, the wavelength 
of the lower waves is only one*half of the 
wavelength of the upper wave. As you can see, 
the WAVELENGTH Involves two factors; 
speed and frequency. Speed Is the rate of 
movement, or velocity. Frequency is based 
on how often the waves occur In a given period 
of time. In the electronics frequency spectrum, 
the time reference for frequency Is one 
second. 

1-48. m electronics, the term WAVE* 
LENGTH ^ defined as the distance an electro- 
magnetic wave travels In the time of one 
cycle. Electromagneticwaves are radio waves 



which travel through space. Electromagnetic 
waves move away from a source at a constant 
velocity of 300 MILLION METERS PER 
SECOND. The wavelength Is measured In 
meters and the period of the wavelnseconds. 
Let's see how these units are placed In a 
formula. 

1-49. First, the symbol for the wavelength 
Is the Greek letter lambda (X). Lambda Is 
equal to velocity (V) times the time (t) of 
one cycle, and we have the formula: 

X r Vt 

1*50. Since the velocity of electromagnetic 
waves through space is 300 million meters 
per second, we substitute 300,000,000 for V: 

X : 300,000,000 x t 

^ = 300 X 10^ X t 

The formula for wavelength gives the num* 
ber of meters that a wave will travel 
during the time of one cycle, tf the fre- 
quency of the wave is one Hz, the wave 
will travel 300 x 10^ meters In one cycle. 

1-^51. Let's take a moment to consider 
the relationship of time required for one 
cycle and frequency. The time of one cycle 
varies Inversely with the frequency. A 
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frequoncy of one thouaand Hz wlU require 
one, thoUBondth of a second for one cycle. 
In other words, if we have one thousand 
cycles in one second, the time of one cycle 
is one thousandth of a second. We discussed 
this with 60 herts, where the time of one 
cycle is one-sixtieth of a second* We can 
thus derive a formula: 

where f is the frequency in Hz and t is the 
time in seconds required for one cycle of 
that frequency. We can solve this equation 
for t to find that: 



convert the formula statement by dolvingforf. 
The formula becomes; , ^ 300 x 10^ 

1-56. To find the frequency of an AC whose 
wavelength is 1000 meters, we substitute this 
value in the formula and get: 



,.l30Liie!l. boxJ^jL 300x10^ Hz 
|l X 10^1 



1000 



1-S7, Let's do another. Suppose we want to 
know the frequency ot an AC whose wave- 
length is .OS meters. Now, substituting in 
the formula, we get: 



300 X 1 0 
,0S 



6 



300 X 10 



,6 



S X 10 



-2 



60 X 10^ Hz 



1-S2. Now, since the factors are the same, 
we can substitute for t In the wave- 
length formula: ' 

X 300 xlO^i or Simply: = ^20°! 

1-53* Now, we'll work a problem to j^ee 
how to use this formula. Given a frequency 
of 3000 hertz solve for wavelength. Substi- 
tuting in the formula^ we have; 

\ - | 3oo X 10^ 1 - boo X 10^ 1 

3000 ' l3x 10^) 



(300 X 10^1 X lO" 



100 X 10 



This gives us 100^000 meters or 100 kilo- 
meters as the wavelength. 



This gives us a frequency of 6»000,000»000 
H2. This Is the same a£ writing 6000 MHz 
or 6 gigahertz (6 GHz). 

1-58. There is a definite relationship be- 
tween wavelength, frequency, and time period 
of a cycle. You can find the time period it 
you know either the wavelength or the fre- 
quency. Figure 1-9 shows the relationship 
of these units of measure. 

1-59. As you can see, figure 1-9 shows an 
AC with a frequency of five Hz. The period 
of one cycle is one-fifth of a second. Notice 
that the relationship of the wavelength to the 
distance traveled in one second is the same 
as the relationship of the period to one 
second. 



1-54. If the frequency of an AC is 30,000 
MHz, we would find the wavelength by sub-* 
stltuting in the formula as follows: 

V . (300 X 10^] - (3 X 10^1 z 1 ^ 

(30,000 X lOJ |3 X 10 ] 
This gives us .01 meter as the wavelength. 



We can use the formula: X = 
6 

to find the frequency of an AC 
it wl know Its wavelength. We must first 
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Figure 1-9. Relationship of Frequency, 
Wavelength, and period 
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^eo. When frequency ^18 high, you wlU find 
it fltmpler to express frequency, period, and 
wavelength using standard prefixes. As you 
know, millliMS of cycles per second are 
expressed aa MHz. When the frequency ts In 
megahertz {MHz}| th« time for one cycle ta 
in millionth^ of a second, expressed as 
microseconds (^}. 

1-61. Let's use this fact to find the period 
of an AC whose frequency Is 20 MHz. Sub- 
stituting, we have; 



1 



20 MHz 



1 

20 



.05 ^ 
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MHz 



fiO tXB 



^ « .02 MHz 



ThU value can also be expressed as 20 IcHz. 

1-69. Notice that in the above example 
we expressed 50 microseconds as 90, and 
obtained 0.02. By using megahertz and micros- 
seconds in your calculations) you can save 
time and eliminate the excessive uses of zero. 
You can also use: 



and 



kHz 



ms 



1 



ms 



kHz 



l'-62. This same principle can be used in 
solving for f in terms of t in the formula: 



1-63. When the period is in microseconds 
(/is}» the frequency is in megahertz (MHz). 

l<-64. Suppose you want to know the fre- 
quency of an AC whose period Is fifty micro- 
seconds. You have: 



1-66. The important thing to remember ^ 
from this lesson is that If either the wave- 
length* frequency, or period of an AC is 
known» you can find the other two values. If 
either the wavelength or period is known* 
you can find the frequency by dividing the 
wavelength into three hundred million or the 
period into one second. If the frequency ts 
known* you can find the wavelength by divid- 
ing three hundred million by the frequency 
or your can find the period by dividing one 
second by the frequency. If you know the 
wavelength* you can find the period by divld- 
ing the wavelength by three hundred million. 
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CAPACITOnS AND CAPAaTlVE HEACTANCE 



2-I4 This chapter Introducos CAPAa- 
TANCE^ which opposes a change In voltage* 
Like resistance^ capacitance is a useful 
property of electronic circuits* Capacitance 
Is present anytime two conductors are sep* 
arated by an Insulator* Thus It Is possible 
for a circuit to have random or stray capa- 
citance twtween Its components and their 
wiring* This stray capacitance^ called DES- 
TRIBUTED CAPAOTANCE^ Is discussed In 
later lessons* In this lesson^ we will discuss 
LUMPED CAPAaTANCE and the elements 
that affect It* Lumped capacitance Is defined 
as a concentration of capacitance at a given 
point In a circuit* 



2'2* The Capacitor* 



2"3* A capacitor Is a lumped capacitance* It 
consists of two conducting surfaices^ called 
plates^ which are separated by ^ non- 
conductor (insulator) called the dielectric* 



2*4* dielectric t)etween the two plates 
may be vacuum^ alr^ waxed paper^ ceramic^ 



glass» or any other nonconducting (Insulating)' 
material through which electrons will not 
easily pass* 

2-S* Figure 2-lA shows the construction of a 
capacitor* Figure 2-lB shows the schematic 
symbol* This symbol represents the two 
plates with their connecting leads and the 
dielectric* The connecting leads are repre- 
sented by the two horizontal llnes^ the plates 
by the two daiic vertical lines (one of which Is 
curved), and the dielectric by the space sep- 
arating the two dark lines, 

2-e* A capacitor stores energy between Its 
plates* To understand how this energy is 
stored and what happens within the capacitor, 
we use the principles of electrostatics* 

2*7* The Electrostatic Field. You alreacfy 
Imow that bodieshavlngunllkechargesattract 
each other and bodies having like charges 
repel each other* A body that is deUclent In 
electrons Is positively charged, whUe a 
body that has ^ excess of electrons Is 
negatively charged. Each charged bocfy has 
an electrostatic field and will exert a force 
of repulsion or attraction when placed near 
another charged bo^* 



insulator 
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Figure 2-1. Capacitor Pictorial and 
Schematic Sl^nibol 
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Figure 2-2. Electrostatic Fields 

2*8. The electrostatic lines of force that 
represent the static fields as shown in fig- 
ure 2-2A^ extend from the positively charged 
boc^ to the negatively charged tx)c^. The 
closer the charged bodies are to each 
other the stronger the force Is between 
them. The farther apart they move» the 
weaker the force becomes. The strength of 
this force of repulstlon or attraction is 
Inversely proportional to the dlstancebetween 
the charged t}odles. 

2-9. Ihe Illustration iu figure 2-2B shows 
two charged metal plates^ one negative^ the 
other positive^ and the electrostatic field 
between them. The field is represented by 
the arrows and extends Inthe directlcnshown 
by the arrows, if an electron is placed in 
the center of the electrostatic field, tt would 
be repelled by the negative plate. Why? 
Be cause an ele ct ron ca rrie s a negative 
charge and like charges repel each other. 
On the other hand, it would be attracted by 
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Figure 2*3. Uncharged Capacitor 

the positive plate. Therefore^ ^ force is 
applied to an electron placed in an electro* 
static field In a direction opposite to the 
direction of the electrostaticfleldLThlsforce 
Is the energy stored in the electrostatic 
field. 

2-10. Figure 2-3 shows a capacitor In an 
uncharged condition. Mb electrostatic field 
exists between the two plates of the capa- 
citor. As there Is no charge on the plates^ 
the atoms that malce up the plates are In 
their normal state. By this we me^n the 
atoms have neither gained nor lost electrons. 
For this discussion assume the dielectric is 
vacuum which has no atoms. 

2*11. In figure 2*4» we apply a voltage tothe 
capacitor and charge It. The positive post 
of the battery has a deficiency of electrons 
and the negative post an excess of electrons. 
Prior to the closing of the switch In figure 
2*4 there was no way for the negatively 
charged post to rid itself of its excess 
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Figure 2*4. Capacitor Charging 
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electrons. Ab weU^ there was no way (or 
the positively charged post to gain electrons. 

2*12* At the Instant the switch is closed, 
two actions occur ^t the g^xnt time. One 
is that the excess electrons in the negative 
post of the battery move toward Hate A of 
the capacitor* The other action iB that 
electrons from Hate B move towardthe posi- 
tive post of the battery* The movement of 
electrons is caused by the electrostatic 
forces of the charged posts of the battery* 
These forces ropel electrons from the nega- 
tive post down the conductor toward Hate A 
and attract electrons out of the conductor 
from Hate B* As Hate A and its conductor 
are now part of the negative postelectricailyi 
the charge is distributing itself over the 
new ;Lrea* This is also the case with the 
positive post, Hate B| and the other 
conductor* 

2-13* At the first instant there Is maximum 
movement of electrons (current flow) In the 
two conductors* Why? rfeither plate of the 
capacitor Is charged, thus there Is no static 
charge to oppOBe the movement of electrons 
to and from the plates* There is nodlfference 
in potential between the plates and no voltage 
across the capacitor* With maximum current 
flow and no voltage across the capacitor, 
the capacitor Is EFFECTIVELY a short* 
Actually there is no current flow through 
tbe capacitor, but because electrons are 
leaving and entering the battery posts there 
is an appearance of current flow* 

2*14* As electrons reach Plate A, It begins 
to receive a negative charge* At tbe same 
time Hate B looses electrons And begins 
to receive a positive charge* Forevery elec- 
tron that Hate A gains. Hate B loses an 
electron* Since there Id ^ vacuum between 
the two plates, tbe gained electrons on Plate 
A cannot cross to Hate B. 

2*1S* As there Is now a charge on each of 
the capacitor's plates, there is a difference 
of potential between the plates* The capacitor 
now has a voltage across it* 

2-16* The voltage across the capacitor 
opposes the movement of electrons from the 



battery* Thus, as the capacitor chargeSj ths 
movement of electrons from the battery 
becomes steadily less. 

2-17* When the charges on the capacitor's 
plates equid the charges on the battery's 
posts, the capacitor Is fully CHARGEa All 
electron movement stops and the difference 
in potential across the capacitor is equal to 
the apfklied voltage (the voltage of the bat- 
tery)* Thus, Once the capacitor is charged, 
it blocks the flow of DC and becomes an 
EFFECTIVE Open* 

2^18* Summarizing then; when voltage is 
applied to a capacitor, it is at the first 
instant an EFFECTIVE short with maximum 
current How and no voltage across the capa- 
citor* As the capacitor charges, current 
flow steadily decreases andthe voltage across 
the capacitor steadily increases* When the 
capacitor is fully CHARGED, current stops 
and the voltage across the capacitor equals 
tbe applied voltage* 

2-19* In figure 2-5, we opened the switch 
after the capacitor was fully charged* There 
is DO way for Hate A of the capacitor 
to get rid of its excess electrons or for 
Hate B to gain electrons* Thus, the capa- 
citor remains fully charged* We have energy 
stored in tbe electrostatic field of the capa- 
citor* In effect, the capacitor is like a 
battery with a voltage equal to that of the 
battery that charged it 
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Figure 2-S. Charged Capacitor 
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Ftsure 2*6. Capacitor Discharging 

2-^20. By altering the circuit (as shown In 
figure 2«6), a way Is provided that allows 
the excess electrons In Plate A to move to 
Plate B which has a deficiency of elec« 
trons. Since the two charged plates are now 
connected \rj a conductor they will neutralize 
themselves. ^ecUlcally Plate A will give 
up Its excess electrons to Plate Band both 
plates will lose their charge. Femember, 
the electrons gained by Plate A were equal 
in number to the electrons tost Iv ^te B. 
This process of neutralizing the charged 
plates of the capacitor Is known as DIS* 
CHABGE. When the two plates are neu*- 
trallxed, the capacitor Is fully DISCHARGEIX 
A word of cautlonl Because a capacitor stores 
and retains energy in Its electrostatic field 
NEVER work with a capacitor until you have 
fully discharged It. 

2*21. What happens when th.! dielectric Is 
not a vacuum? Figure 2«7 shows another 
capacitor in an uncharged cr3ndttlon* tn this 
capacitor we are using a dielectric other 
than vacuum. The atoms tha^ make up the 
dielectric are in their normal or neutral 
state. By this we mean that the electrons 
of each atom are revolving around their 
nucleus in normal ortkltal paths. Figure 
2-7 shows only three atoms (greatly enlarged) 
of the millions that make up the dielectric 
material. The plates are uncharged and NO 
electrostatic field exists. 

2*22. tn figure 2*8^ we apply a voltage to 
the capacitor. At the first Instance the 
switch Is closed there Is maximum current 
flow and no voltage across the capacitor. 
The capacitor Is an EFFECTIVE short. 
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Figure 2«7. Uncharged Capacitor with 
Dielectric 



2-23. Not only do the capacitor plates 
charge^ but as the negative charge builds 
up on Plate A#due to gained electrons. It 
repels the electrons In the dielectric atoms. 
This causes the orbits of the electrons to 
become distorted as shown In figure 2->8. 
f^lrther distortion Is causer^ by the attrac-* 
tlon of the positive charge on Plate B. This 
distortion of the electron orbits Is known as 
orbital stress. Orbital stress stores energy 
much In the same manner as a stretched 
rubber band. As the charges on the capacl* 
tor plates steadily Increases, the orbital 
stress on the electrons of the dielectric 
atoms steadily increases. Thus, this capa*- 
cltor stores energy not only In the electro* 
static charges on Its plates, but also In the 
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Figure 2-8. Ort>ltal Stress 
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DIELECTRIC MATERIAL 


DIELECTRIC 
CONSTANT \*i 


DIELECTRIC STRENGTH 
(volti P«r A01 men) 


AIR 


1.0 


80 


FIBER 


6.$ 


SO 


BAKELITE 


6.0 


soo 


GLASS 


4.2 


200 


MICA 


6.0 


3000 


CASTOR OIL 


4.7 


380 


PAPER 






tit bttlwaxsd 


3.1 


1B00 


(21 poraffintd 


2.2 


1300 



This rating is determined by the electrical 
strength of the dielectric material. The 
dielectric strength tells you how much voltage 
may be applied to a given thickness of 
dielectric material* Every material (even an 
Insulator) will omduct current If a suf* 
flclently high voltage Is applied to It mis 
v61tage Is called the breakdown voltage. The 
working voltage rating of a capacitor refers 
to the maximum DC value or maximum AC 
value of voltage that can be applied to the 
capacitor continuously* A capacitor mariced 
600 WVDC or 600 VDC should withstand the 
continuous application of 600 VDC or 600 
V PEAK AC without damage to the capacitor. 

2-40. Table 2*1 gives the dielectric strength 
of aome dielectric materials that are one 
thousandth of an inch thick* Note that the 
dielectric constant and dielectric strength 
do not directly correlate* For example the 
dielectric constant for both mica and bake* 
lite la six but their dielectric strengths are 
different* For mica It Is 2000 and for bake-^ 
lite it Is 500* Therefore, Increasing the 
capacitance of a capacitor by using a die- 
lectric with a larger dielectric constant will 
not always Increase the capacitor's working 
voltage rating* 

2*41. Total C^>acltance* 

2*42* To determine total capacitance In a 
circuit, you must follow the nfles for cal- 
culating the capacitance of capacitors con- 
nected In series^ parallel, orseries-parallel* 



2*43. Series* To understand how total capa* 
dtance Is computed In a series capadtive 
circuit. It Is necessary to apply whatwehave 
learned about the capacitor. In figure 2*11A, 
the circuit has two capacitors connected In 
series. Plate B of capacitor CI and Plate 
C of capacitor 02 are connected together 
a conductor. As both of these plates are 
conductors; plate B of Clt plate C of 02 and 
the conductor combine to form one con- 
ductor* Since ai7 pc^nt along a conductor 
Is electrically the same, the circuit can be 
redrawn aa shown In figure 3*11B» Both 
capacitors become EFFECTIVELY one capa- 
citor with plate A of CI and Plate D of C2 
aa Ita plates and the combined dielectrics of 
both CI and C2 as its dielectric. Since 
Increasing the dielectric tblckneas of a 
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Figure 2'IU Series Equivalent Circuit 
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Figure 2<-12« Series Capacitors 

capacitor decreases Its capacltancei the 
total capacitance of the two series capa- 
citors will be leas than the capacitance value 
of either capaclton 

2<-44« The formulas for total capacitance In a 
series circuit are: 

C ^ -J j-^ — J For any number 

"irr + "jsr + ^ + etc* of capacitors* 
CI C2 C3 



. - CI JCC2 
"t " CI + C2 



For any number of capa< 
cltors of equal value where 

C equals the value of one 
capacitor and N equals the 
number of capacitors. 



For two capacitors. 



2^45* Figure 2-12 shows a series capacltlve 
circuit In solving for total capacitance In 
this circuity We will show two methods* each 
using a different formula. 



Method A: C. -S" 
t N 



Method B: 



S ' 2 



5 liF 



Cl z C2 
S ' Cl + C2 



_ lOjiF X 10 mF 
t " IOmF + IOmF 




CI 



rHM(H 



C3^ 
12 J*F 



Figure 2*13* Three Component 
Series Circuit 

20 mF 



C^ - 5 mF 



2<-46* Figure 2*13 shows another series clr< 
cult* To solve for total capacitance in this 
circuity two methods wUl be used again. One 
using a sln^e formula^ the other Uf'ing two 
formulas* 

I 

Method A: Cj » j — 

cr*c2*lra 



1 


1 


1 


20nF * 


30 nF * 
1 


12 nF 




2 


5 


60 (iF 


60 nF* 


60 tiF 


1 







60 tiF 
60 nF 



't 10 



= 6 nF 



Method B: First find the value of C, 
CI X C2 



2-e 



^e CI + C3 

_ 20 M F » 30 M F 
S ■ 20nF +30nF 
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Figure 2^9* Stored Charge 

orbital fltreea on the electron of Its die- 
lectric atoms* Using a dielectric (Insulator) 
other than a vacuum Increases the amount of 
energy stored. Air Is one exception* Although 
air does have atomSi It does not Increase the 
ability of the capacitor to store energy* 

2-24* When the capacitor Is fully charged 
the orbital stress on the elecCtans of the 
dielectric atoms Is maximum* Current flow 
has stopped and the difference In potential 
across the capacitor Is equal to the Applied 
voltage* 

2*-2S. Thus* the charging action of this 
capacitor Is the same as the capacitor with a 
vacuum dielectric* However, acapadtorwtth 
a dielectric other than a vacuum or air will 
store more electrons* 

2-26. In figure 2-9, we open the switch In 
the drcultafterthe capacitor Isftilly charged. 
As there Ig no way for the charges on the 
capacitor plates to neutrallxe themselves, the 
capacitor remains ftilly charged. This results 
In the orbital stress remalnlngatlts greatest 
point as the orbital stress is caused bf the 
charges on the capacitor plates. 

2-27* A path to discbarge the capacitor Is 
provided in figure 2-10*Theexcesselectrons 
move from Plate A to Rate B, neutralizing 
the charges on the plate* This discharge 
current will be greater than for a vacuum 
dielectric due to the extra energy stored as 
Orbital stress* 

2-28. Summarizing: Regardless of the type 
of dielectric, current does not flow through 



Figure 2-10* Discharge Path 

It* (There Is, of course, some extremely 
minute amount of electron movementthrough 
the dielectric but It Is so small as to be 
insignificant* If this leakage of electrons 
becomes significant, the the capacitor Is bad.) 
At the first Instant, a capacitor Is anEFFEC- 
TIVE short with maximum currentflowlnthe 
circuit and no voltage across the capacitor* 
During charge of the capacitor, current flow 
In the circuit sfeadUy decreases and voltage 
across the capacitor steadily Increases* A 
fully charged capacitor Is an EFFECTIVE 
open with no current flow In the circuit flnd 
applied voltage across the capacitor* By 
changing the type of dlelectrlci the ability of 
the c^citor to store electrons may be 
increased. 

2-29* Capacitance* 

2-30* Knowing what a capacitor Is and how It 
stores energy, we now turn to the question 
''How do we measure the ability of a capa- 
citor to store energy and what do we call 
this measure 7' 

2^31* Capacitance may be defined as the 
measure of the ablUty of two concocting sur- 
faces, that are separated by ^ nonconductori 
to store electrical energy* Therefore, the 
measure of the ability of a capacitor to store 
electrical energy Is the capacitance of the 
capacitor* The symbol for capacitance is C. 

2*32* The unit Of measure for capacitance 
Is the FARAa A Farad Is defined as the 
ability of a capacitor to store one coulomb 
(e*2S X 10^8 electrons) with a difference of 
potential of one vdt across the capacitor* 
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The irymbol for a farad l» F* Most capa«- 
cltors In Common uffQ are much smallorln 
value* Qenersdly their capacitance is meas- 
ured In mllUonths of a farad* A millionth of 
a farad la called a microfarad {I x \0r^ 
farads) and Its symbol Is /iF. A mllUon- 
millionth of a farad is called a picofarad 
(1 X 10*^2 farads) and itn symbol is pF. 

2-33* The amount of charge storedlnacapa-^ 
cltor iB directly proportional to the strength 
of the applied voltage and the CAPACITY 
of the capacitor. This can be expressed as 
Q « CE where Q Is the charge and E is the 
applied voltage. When this formula Is trans-^ 
posed, the value of capacitance can be found 
Q 

by the formula C Or In other words 

the capacitance (capacity) of a capacitor will 
determine the ratio of the amount of charge 
to the applied voltage. 

2-^34* Capacitance Is determined by the phy^ 
slcal factors of a capacitor. These factors 
are the area of the plates, the type of 
dielectric material, and the dielectric thick^ 
ness Or distance between the plates. Capa- 
citance Is equal to the ratio of the dlelec^ 
trie constant of the dielectric material and 
plate area to the dielectric thickness. This 
can be shown by the formula: C 

d 

where: k Is the dielectric constant, 

A Is the plato area* 

d Is the dielectric thickness. 

C Is the capacitance. 

This formula must be multiplied by another 
constant to satisfy engineering requirements. 
However, the additional constant is not 
required for this course, 

2-35, The capacitance of a capacitor Is 
directly proportional to Its plate area. As 
plate area Increases, capacitance Increases 
Or as plate area decreases, capacitance 
decreases. Why? The number of atoms in a 
conductor Is dependent on the size of the 
conductor. In turn, the number of atoms 
determines the number of free electrons In 



the conductor that ar^ available to eater 
and leave the plates. Ab the number of free 
electrons Increase, the plates will accopt a 
larger charge* When free electrons decrease 
In number, the plate will accept a smaller 
charge. 

2-'36. The capacitance of a capadtor is 
directly proportional to the dielectric con^ 
stant. As the dielectric constant Increases, 
capacitance Increases* If the dielectric 
constant decreases, capacitance decreases. 
When we discussed how a capacitor stores 
energy, you learned that by using a dlelec-^ 
trie other than vacuum the capacitor could 
store more energy* Different dielectric 
materials present different quantities of elec* 
trons to the electrostatic field* This means 
that there are different amounts of energy 
stored as orbital stress. Vacuum Is the 
standard for the dielectric constant and Is 
assigned a numerical value of one. All 
other dielectric materials are compared 
with a vacuum dielectric and assigned a 
numerical value for thelrdlelectric constant. 
This numerical value Indicates by how much 
the dielectric material Increases the capa^ 
cltor's ability to store energy when com- 
pared to a vacuum dielectric, 

2^37. Table 2^1 gives the dielectric constant 
value of some common materials. Looking 
at the table, you will see that the use of air 
Instead of vacuum as the dielectric does NOT 
increase the capacitor's ability to store 
energy, 

2-38, The capacitance of a capacitor is 
Inversely proportional to the dielectric 
thickness or distance between the plates. 
When the distance between the plates 
increases, the forces of attraction and repul- 
sion (created by charged plates) decrease. 
This causes the amount of charge todecrease. 
As distance between the plate decreases, 
the forces of attraction and repulstion 
increase and the amount of charge Increases, 
Thus, as dielectric thickness Increases, 
capacitance decreases. As dielectric thlck^ 
nesa decreases, capacitance Increases, 

2*39, In addition to Its capacitance value, 
every capacitor has a working voltage rating. 
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TOTAL PLATE AREA COMBINES 




Figure 2-14* Parallel Equivalent Circuit 



600 pF 
50 



C ' 13mF 
e 

Now use C and C3 to detennlne C^' 
e 

c 



2-47, Parallel* Tti detennlne how we com- 
pute total capacitance for a parallel capad- 
tlve circuit, we again apply what we have 
learned about the capacitor. In figure 2-14A| 
there are three capacitors connected in 
parallel. The top plate of all three capad* 
tors are connected together tiy conductors* 
As the plates are also conductors, the three 
plates and the conchictora combine to form 
one con(hictor. The bottom |Aate of all three 
Capacitors are connected together and com- 
bined to form one condtctor, aince any point 
along a coa(hictor is electrically the same, 
the circuit can be redrawn AS shown in 
figure 2-14B, The three capacitors become 
EFFECTIVELY One capacitor- Notlcethatthe 
thickness the dielectric material remains 
the same* AU we have changed I0 the effec-^ 
tlve area of the capacitor plates* As plate 
surface area and capacitance are directly 
proportional, the total capacitance will be 
the sum ot the capacitance values for the 



three capacitors. Thus total capacitance for 
a parallel capadtlve circuit can be found 
by using the formula; C^-Cl + C2 + C3 + 
etc. 

2-49, Figure 2-19 shows a parallel capad* 
tlve circuit. To solve for total capacitance, 
simply add the capacitance values of the 
Capacitors as shown. 

s CI + 02 + C3 

II SQ/xF^ lO/xF^ IS/xF 

a 75/iF 

2^50, Series-ParaUeL Now that you knew how 
to find total capacitance both in series and 
parallel drcultB, these knowledges can be 
combined to solve for C^ in series^parallel 
drcults* You should stu<^ the drcult to 
determine which part of the drcuit should 
be solved first* Normally the parallel part 
would be solved first. 




Figure 2-15. Three Component I^rallel 
arcult 
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Figure 2-16, Serlea-Parallel arcult 

2*3U Figure 2-16 shows a series-parallel 
circuit. To solve for total capadtancei use 
the following procedure: 

First solve for the equivalent capacitance 
of the parallel network. 

C = C3 + C4 
e 

= 5 Mf + S MF 
* lO^F 

Now solve for C^, Since C^, CI, and C2 
are each equal to 10 ^F, use the formula: 

lOfxF 
= 3,3 M F 

2-52, Figure 2-17 shows another series- 
parallel circuit, To solve for total capaci- 
tance in this clrculti nrst solve for the 
equivalent capacitance of the parallel 
network. 

Cgi = C3 + C4 

= 8mF + 4mF 
= 12mF 

Now combine CI and C2, As CI and C2 are 
equal to each other, solve for their equlva* 
lent capacitance using the formula: 

C^ 
N 



Ce2=- 



8fxF 
2 

4iiF 



_J_ 8(^F 8,^F 'I 



T 



C3. 



C4 



Figure 2-17. Equivalent Capacitance 



Cel*^e2 



12 fxF )C 4 fxF 
12 mF + 4 mF 

49 X 10*^2 



16 + 10 



-6 



= 3 X 10*^ Farads 
= ZiiF 

2-53, Figure 2*18 shows a final example of 
a series-parallel circuit. Solve Jtor total 
capacitance. 

In this circuit one of the branches In the 
parallel network has two capacitors inseries. 
Therefore, the equivalent capacitance of C4 
and CS Is solved first 




Figure 2-18, Complex Series- Parallel 
arcuit 
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VARI^SLE 

VOLTAGE 
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TIME 



R£P4-$S4 



Figure 2-19. DC Voltage- Current Relationships 
C4xC5 



^el ' C4 + C5 



1 



(24 X 10-0) X (a X 10-g) 
(24 X 10"0) + (8 X 10'^) 



192 X 10~^^ 
32 X 10'® 

6 X 10-0 farads 
6 (xF 



Now solve tor the equivalent capacitance ot 
the parallel branch. 

Ce2 = ^*^el 

C « = 12mF 

Next determine total catpadtance by using 
the tormuia: 



Cl * C2 * C ^ 
e2 



1 



1_ 1 1 

20mF*30mF* 12mF 



3_ 2_ S 

60mF*60mF*60mF 

6 0 mF 
' 10 

« 6 mF 

2-54, Up to this points the capacitor has bad 
only a DC voltage appliedto It, Inthe material 
that toUowSf an AC voltage will be applied 
to the capacitor. When a constant DC voltage 
Is applied to a capacitor^ the capacitor 
charges to the value ot applied voltage and 
current flow In the circuit stops. However^ 
when an AC voltage Is applied to a capacitor^ 
current will not only ccHitlnue to flow In the 
circuit but change direction as well. Keep in 
mind that current does NOT actually flow 
through a capacitor, Oirrent APPEARS to 
flow through Itbecauseelectronsareenterlnjc 
one plate and leaving the other plate, 

2*55, In determining how it is possible to 
have current in an AC capadtive circuit, a 
variaUe DC voltage source will be used to 
begin the explanation* Figure 2*19A shows a 
capacitor connected to a variaUe DC voltage 
source. The graph in figure 2*19B shows the 
amplitude relationship that exists between 
applied voltage and the voltage across the 
capacitor with respect to time. It also shows 
the current charging and discharging the 
capacitor and the direction in which it flows. 
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A B 
Figure 2->20. AC Voltage-- Current Relationships 



2->S6, Between times TO and Tl of figure 
2->10Bt both voltage and current are zero. 
At time Tl* voltage (E^) starts Increasing 
at a steady rate to time T3. From Tl to 
T2 current Increases from zero tomaxlmum 
current (!(;) and a charge (voltage E^) 
begins to build up on the capacitor's plates. 
However, the current remains at maximum 
value even with the charge being developed 
on the capacitor plates. The reason for this 
is that E;^ Is constantly Increasing at a 
steady rate. The capacitor continually sees 
a new voltage that It must charge up to. 
At time T3 the applied voltage reaches 
majdmum value and remains there until time 
TS. Between time T3 and time T4 the capa^ 
cltor completes Its charge to E^^ and current 
decreases from Its majdmum value to zero. 
Thus at time T4» E^ and E^ are equal and 
current Is zero. E^^^ E^^ and 1^ remain at 
these values until time TS. NOTE: The time 
period <T1 to T2) between the time voltage 
Is applied to the capacitor and the time the 
capadtor starts to charge has been greatly 
expanded. 

2-S7. At time TS* applied voltage (E;L)begins 
to decrease at a steacfy rat« from time TS 
to time T7. From TS to T6 the discharge 
current Increases from sero to maximum 
in a direction that Is now opposite to what 
It was when the capacitor was charging. At 
time T6| the capadtor voltage (Ec) starts 
to decrease at a steacfy rate. The discharge 
current (^q) remains at a constant value until 
time Ttf even though the capacitor voltage 
is decreasing. Why? Because the applied 
voltage {E^) Is constanQy decreasing at a 
steacfy ratCi the capacitor continually sees 
a new vdtage it must discharge to. After 
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the applied voltage reaches serovoltsattlme 
T7| the Capacitor completes its discharge to 
zero volts at time T8. Diring the time from 
T7 to T8| 1^ decreases from Its maxi- 
mum value to zero. At time T8; E^^* E^ 
and Ic SLre all sero. 

2-S8. The reason that current can flowlnthe 
opposite direction at time T5 Is based on 
electrostatic principles. When the applied 
vdtage Is decreased at time TS| the capa- 
citor Is charged to the maximum value of 
Ea- The DC source voltage becomes less 
than the voltage across the capacitor. The 
electrons charging plate A will move back 
toward the negative terminal of the DC 
source. Similarly electrons will move out of 
the positive terminal of the DC source toward 
plate B of the capacitor. Thus It can be 
stated that when appHedvoltageisdecreased, 
current flow will reverse and the capacitor 
will discharge. This discharge will continue 
until the charge on the capacitor is again 
equal to Ea- 

2->S0. When a varying voltage Is applied to a 
capadtor, the following statement applies. 
With a vdltage increase (voltage rise), the 
capacitor charges andwltbavoltage decease 
(voltage fall)t the capacitor discharges. 

2«60. Now we will apply an AC voltage to a 
capacitor. Figure 2-20A shows anACvdtage 
source connected to a capacitor. The graph 
In figure 2-20B Shows the phase^ time^ and 
amplitude relationships between applied volt- 
age (E;^)^ the voltage across the capacitor 
(E^)i and the current (Iq) charging and 
discharging the capacitor. 
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2- ei* For this explanation, the minute time 
difference between E^^ and E^^ will not be 
expanded* Thus, the varlaUona in and E^ 
will be considered to occur at the same time. 
The graph In figure 2-2QB assumes applied 
voltage to be at the start of Its positive 
half*cycle (positive alternation)* 

3- 62* At the Instant voltage is applied (Time 
Tl), maximum current flows because there is 
no charge on the capacitor. Between Tl and 
T2, applied voltage increases to nuudmumat 
a sinusoidal rate (a rate equal to the rate 
of change In sine values). and E^then, 
will tM Increasing at a constantly decreasing 
rate ot change . Ic will decrease from 
maximum at time Tl to zero at time T3. 
Since the rate of Increase for is con^ 
stantly decreasing the capacitor sees con- 
stantly less of a difference tMtwseo E^^ 
and E^ that It must charge to. This means 
less and less charging current la required 
and will gradually decrease to zero* 

2-63. At time T2, then, Eg^ and E^ are maxi- 
mum SLnd 1^ l8 zero. E^^ and E^ are at 90 
degrees as they are at their maximum posi- 
tive alternation value. Ic le SLt 180 degrees 
as it is at the end of its positive alterna- 
tion. Thus Ic le leading and Ec by 90 
degrees. 

2-64. Between time T2 and time T3, 
decreases to zero. When E^^ starts 
decreasing, the capacitor will start to dis- 
charge and current flows In the opposite 
direction. As exidalned earlier^ whenapplied 
vdtage decreases, the capacitor discbarges. 
Since Eg^ Is decreasing at a constantly 
increasing rate of change, Ec also decreases 
at a constantly Increasing rate of change. As 
Ea and Ec decrease, Ic ^vlll be Increasing. 
Why? Since is decreasing at a steadily 
Increasing rate of change, the capacitor sees 
a steadily Increasing difference between E^ 
and E^ that It must discharge towims caiises 
the discharge current to increase. Tte dis- 
charge current ie maximum as Eg^ reaches 
zero. 

2-65. At time T3, tben» E,^ and Ec SLre at 
zero and I^ Is maximum value. and 
E^ are at 180 degrees, which is the end ot 



their positive alternation and the start of 
their negative alternation. Icl0 At 270 degrees 
as It is at the maximum value of Its negative 
alternation. I^ is leading and E^ by 
00 degrees. 

2-66. Also at time T3, the polarity of the 
AC voltage reverses and E^. tMglns its neg-* 
ative alternation« Between time T3 and time 
T4, E^ Increases at a constantly decf^aslng 
rate of change. When E^ sterts ^ ^i* easing 
at time T3, maximum current wlU flow. The 
direction ot this current flow will t)e the 
same as that of the discharge current between 
times T2 and T3. This is (betoEj^ reversing 
Its polarity as It begins Its negative altema-> 
tion at time T3. Between time T3 and time 
T4, Ic decreases to zero as E^i and Ec 
increase to maximum* 

2-07. At time T4, then, E^ and E^ are at 
the maximum value of their negative alter- 
nations and Ic 10 SLt zero. Ic ^ still leading 
E^ and Ec by 90 degrees. 

2-68. Also at time T4, starts decreasing 
which causes the capacitor to start dis- 
charging andcurrentflowto reverse. Between 
time T4 and time T5, Ea and Ec decrease 
to zero and I^ Increases to maximum. 

2-60, At time TS^ E^^ and E^ are zero and 
Ic Is at the maximum value of Its positive 
alternation, Ic leading E^ and Ec by 
90 degrees* 

2-70. After time T5 the second cyde of AC 
voltage ia applied to the capacitor. The 
charge and discharge action of the capacitor 
is the same as it was for the first cycle. 
Two cycles of the AC sine wave voltage are 
shown so that you can readily see that tMtb 
current and voltage vary In a sine wave 
pattern. 

2*71. Summary: When an AC sine wave 
voltage is applied to a pure capacitlve circuit, 
the fdllowing statements apply. 

a, A sine wave voltage will be developed 
across the capacitor that Is equal to and In 
phase with E^. 
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b, A Alno wave of curretitwillbe developed 
in the circuit by the charge and discharge of 
the capacitor that leads and E^^ by 
00 degrees* 

c. When E and E^ are at the maximum 
value of thefr positive and negative alters 
nations, current In the circuit Is zero* 

dt When E^ and E^ are zero (as they move 
from positive to negative alternations and 
negative to positive alternations), current 
In the circuit is maximum. 

e. Even though no current flows through 
the capacitor, a continuous sine wave of cur* 
rent appears to flow through the circuit due 
to electrons entering and leaving the capa- 
citor plates as the capacitor charges and 
discharges. 

2*72, As noted previously, when a constant 
DC voltage la applied to a capacitor, the 
capacitor charges and current flow stops, 
A capacitor offers infinite opposition to 
current flow in a circuit with a constant DC 
voltage applied* But this is not the case when 
an AC voltage is applied to a capacitor. With 
an AC voltage applied, a continuous alter- 
nating current flows In the circuit as the 
capacitor charges and discharges. The 
amount of current flow is determined by the 
amount of opposition offered to current flow. 
What 1^ this opposition, what determines it, 
and how is the amount of opposition 
determined? 

2*73, Capacltive Reactance, 

2-74. Capacltive reactance is defined as the 
opposition offered by a capacitor to the flow 
of an alternating current. The symbol for 
capacltive reactance is "Xn" ^d its unit 
of measurement is the ohm, 'nie term CAPA- 
CmVE REACTANCE is usedwith capacitors 
so the amount of opposition offered by a 
capacitor is not confused with the resistance 
of a resistor, Capacltive reactance is deter- 
mined by the physical construction of the 
capacitor and by the applied frequency, 

2-75. The first of the two factors that deter- 
mine the capacltive reactance of a capacitor 



is its capacitance value. As you know, capa- 
citance is the measure of the ability of a 
capacitor to store electrical energy. Capa- 
citance is determined by the physical con- 
struction of the capacitor and is NOT affected 
by the type of voltage applied to the capa- 
citor. The greater the capacitance of a 
capacitor, the more energy it can store. To 
store the energy, electrons must move into 
one plate of the capacitor and out of the 
other. Since capacitance is greater, more 
electrons are required to charge the capa- 
citor. Thus as capacitance Increases, the 
amount of charging current increases. As 
capacltive reactance is opposition to current 
flow, it must decrease as capacitance and the 
charging current increase. Capacltive 
reactance is inversely proportional to capa- 
citance, Ckpacitive reactance decreases as 
capacitance increases, 

2-76, The second factor that determines the 
capacltive reactance of a capacitor is the 
frequency of the AC voltage applied to it. 
Figure 2*21 is used to aid in explaining this 
fact. In figure 2-21A, a capacitor is con- 
nected in series with an AC vdtage source. 
Two cycles of an AC voltage (as shown in 
figure 2-21B) is applied to the capacitor. 
Keep in mind that a capacitor stores energy 
when it charges and releases energy when 
it discharges, Rememberthatelectronmove- 
ment (current flow) is necessaty for the 
charge and discharge of a capacitor, 

2-77, In figure 2*2lB, each cycle of the AC 
voltage represents a specific amount of time 

since t . In the previous discussion on 

AC capacltive circuits you learned that a 
capacitor charges both on the positive and 
negative alternation of the applied ACvoltage, 
As the amount of energy stored in a capa- 
citor iB equal to its capacitance times the 
voltage applied (Q = CE), you can readily 
see that this amount of energy is stored two 
times in one cycle of the applied voltage, 

2-^78, Energy Isstoredduringthetime repre- 
sented by the width of the shaded area in 
each alternation. The amount of energy stored 
is represented by the amplitude of the shaded 
area« Thus (In figure 2-21 B) during the 
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ttma of two eyclQSt the ca|»icltor lus stored 
^n^rgy four tlmef, 

2-79, In flgura 2*21 C th« frequency of the 
applied voltage le doubled. Since frequency 
hu doubled, the time fdr one cycle of the 
ACvoltoge hftfldecreaeedbyhslf, Thl5meuu 
then that the time to charge the capacitor 
ha5 also dacreaeed by one hall, Afl capaci- 
tance and the AC amplitude remained the 
eame , the amount of charge (Q) has not 
changed. Since there Are now ftxir cycles of 
the Ac voltage in the same time period as 
the previous two cycles^ the capacitor stores 
energy eight times in the eaiue time period. 
This means that the current had toflow more 
often* Although the same amount of current 
flows to charge the capacitor each time in 
both figure 2-21B and 2-21Ct it flows twice 
as many tlmesln£lgure2-21CThereforetthe 
average value Of current flow In the circuit 
Increased. Since current flow increased, 
the opposition tocurrentflowhadtodecrease. 
Thus as frequency Increases, capadtlve 
reactance decreases, 

2-80, In figure 2-21D the frequency of the 
applied voltage is one half that of the voltage 



applied in figure 2-21B, Again capacitance 
and the amplitude of the applied voltage 
remain the same. With one half the fre- 
quency, both the time fdr one cycle and the 
time to charge the capacitor have doubled. 
With one cycle of the AC voltage In the 
same time period as the two cycles In figure 
2«21Bt the capacitor stores energy only 
two times in the same amount of time. Since 
current flowed otily one half as many times 
to charge the capacitor, the average value 
of current flow decreased. As current flow 
decreased, the opposition to current flowhad 
to increase. Thus as frequency decreasest 
capacitlve reactance increases, Capacitlve 
reactance is Inversely proportional to 
frequency, 

2-81, To develop the fdrmula for capacitlve 
reactance, an additional factor Is talran into 
account. That factor is the time rate for 
the change of charge on the capacitor. This 
time rate represents the varying current 
that charges the capacitor as the applied 
voltage varies and it Is equal to l/2Tr, 

Thus the formula for capacitlve reactance 
is: 







Figure 2-^21, Capacitlve Reactance 
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'Tins 



.169 

(6x 10^)x (,05x 10*') 



■ capacltive reactance In ohms 
2Tr n 6,28 

f ^ frequency In hertz 

C ' capacitance In farads 

2-62, The basic formula for capacltive reac^ 
tance may be further simplified by taking 
the reciprocal of 27f as follows: 

C 2 71^(0 

C " 6.28 " (C 
„ .139 



„ .189 
.3 X 10'^ 

« .53 X 10^ 

s 530 otims. 

EXAMPLE 2: 

Solve lor capacltive reactaocewhentbe capa- 
citor value Is .05 fiF and the frequency Is 
30 kHz. 

V .159 

.159 

" 30 kHz X .05 M F 

^ 459 

(30x 10^)x (.05x lO"®) 



Also iQr transposing this fonmila you can 
solve lor either Irectuency or capacitance, it 
the other two quantities are known. The 
transposed formulas are: 

, .159 



.159 



.159 
(X„ 



2-63. The next lour examples will show the 
relationship between frequency^ capacitance, 
and capacltive reactance as the exact amount 
of capacltive reactance is computed. 

EXAMPLE 1: 

Solve lor capacltive reactance when the fre- 
quency Is 6 kHz and the capacitor value Is 
.05 MF. 

» .159 

.159 



1.5 X 10 " 
» .106 X 10^ 
= 106 ohms. 



From the first two examples you can see 
that as the frequency Increased (with capa- 
citance remaining the same), the capacltiie 
reactance decreased. 

EXAMPLE 3: 

Scflve for capacltive reactance when the fre- 
quency is 1 kHz and the capacitor value is 
.5mF. 

V .159 
*C " fC 

.159 



1 kHz X .5 M F 

J 59 



6 kHz X .05 M F 



(1 X 10^) X (.5 X 10"*) 



Rir 
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.169 
.6x10* 



• ,316 X 10*" 
o 316 ohniB 

EXAMPLE 4: 

Solve for capadtive reactance when the fre- 
quency Is 1 kHz and the capacitor value 10 
,005 mF. 



fC 



.159 



1 kHzx*00$MF 



■ 159 



(1 X 10^) X 0005 x 10"*) 



.159 



.005 X 10 

- 31,6 X 10^ 

= 31.8 kohms 

In examples 3 and 4 you can see that as 
the capacitance decreased (with frequency 
remaining the flame )f the capadtive reactance 
Inc reased. In solving for capacltlve 
reactance^ you can see that Is inversely 
proportional to changes in frequency or 
capacitance, 

2-»4, A method for determining the total 
capadtive reactance (X^^jofeerieStparaUel^ 
and series-parallel AC capadtive drcults 
must be developed next. What you have 
learned about capadtors and capacitance will 
be applied. 

2^65. Series Capadtors. Figure 2^22 shows 
two capacitors connected In series with a 1 
kHz AC voltage source* Using the informa^ 
tlon glven^ two different methods will be used 
to find X^ Also a formula for X^t In a 
series capacltlve circuit will be developed. 



CI C2 

rH( ^(-1 



10 (ip 



13 tip 



1 kHa 



Figure 2-22 . Simple Series Circuit 

2-86. The first method will find total capa- 
citance and then^ use total capacitance to 
find total capadtive reactance. As this is a 
series circuit! 

- CI 3C C2 
t " a + C2 

^ 00 3clO~^x(15xlO"^ 
(10x10'*) + (15x10'*) 



ISO X 10 



•12 



25 + 10'* 
—6 

= 6 X 10 farads 

Next total capacitance Is used in the capa- 
cltlve reactance formula. 



. .159 

'fcT 



.159 



axlO^)x(6xlO'*) 



.159 



6 xlO " 
.0265 x 10^ 
26.S ohms 



Using the second method, the value of capa- 
dtive reactance for each capacitor will be 
found and then added. Hius tor CI: 
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'7l 



UC 



ci 



HcTT' 



.180 

{1 X 10'')x (lOx 10 ^) 



^ .ISO 
10x10 

« ,0150 X 10^ 

« 1S,0 ohms. 



For C2: 



^C2 f(c2) 



ass 



(1 X 10^) X (15x 10'*) 



aso 



IS X 10 
"10,6 ohms. 



Then for the total capacltlve reactance add 
Id 2 



^Cl ^"'*^C2' 



= lS,fl +10,6 

- 26, S ohms 

2-87, The value of total reactance using 
the second method \s the same as that in 
the first method. Therefore^ the rule for 
series capacltlve circuits Is: Total capacl- 
tlve reactance In a series capacltlve circuit 
Is equal to the sum of the capacltlve reac- 
tances in the circuity and the formula is; 

^C^ ~ ^Cl * ^C2 * ^C3 * ' ' ' 

2-88, Vou learned earlier that when capaci- 
tors are connected in series^ total capa<^ 
dtance decreases. Next you learned that 
capacitance and capactlve reactance are 
Inversely proportional. By combining these 
two factSt you can readUy see that as capa- 
citors are added in series^ total capacitance 
decreases and total capacltlve reactance 
Increases, In addltlont the rule for total 



15,9 kllfl 




Figure 2-23, Slmi^le FaraUel Circuit 

capacltlve reactance follows the basic rule 
for series circuits - total opposition In a 
series circuit is equal to the sum of the 
Individual oppositions, 

2-80, Parallel Capacitors, Figure 2-23 
shows two capacitors connected In parallel 
with a 1S,0 kH2 AC voltage source. Two 
different methods will be used to find total 
capacltlve reactance with the information 
given« As wetl^ a formula for total capacltlve 
reactance In a parallel capacltlve circuit will 
be developed. 

2-90, In the first method, total capacitance 
will be determined andthen, total capacitance 
will be used to flndtotal capacltlve reactance, 

C^ ■ CI + C2 

= 1 ^F ^ 4 ^F 

= S^iF 

Next this value of total capacitance is 
entered into the capacltlve reactance 
formula; 



AsX 



ass 



.159 



(15.9 X 10^) X (5 X 10"^) 



.159 



79.5 X 10" 
= .002 X 10^ 
= 2 ohms. 

79 
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In th9 socoml method, the value of capacltlve 
reactance for oach capacitor will bo found 
flmt. 

-"ci f(Cl7 

.189 



(U.9xl0^)x(lxl0*^) 



.1S9 



19.9 X 10 
« .Ol 'x 10^ 
a 10 dtims. 



For equal values 



.7, 



Thus the laBt part of the second approach Is: 
^Cl * ^C2 



10 X 2.S 
10 + 2.5 

25 
12.5 



« 2 otints. 



*C2 f(C2) 



.159 



(15.9 X 10^) X (4x10'^) 



.159 X 10 



-3 



63.6 X 10 



= .0025 X 10 

= 2.5 Ohms. 

As this is a parallel circuit, a basic rule 
of parallel circuits Is applied. This rule Is: 
Total opposition In a parallel circuit Is equal 
to the reciprocal of the sum of the recipro- 
cals of the Individual oppositions in the cir- 
cuit. Restating this rule: Total c^adtive 
reactance in a parallel circuit is equal totiie 
reciprocal of tiie sum of the reciprocals of 
tiie Individual capacltlve reactances In tiie 
circuit. The formula: 



1 



^Cl C2 *C3 



^Cl ^ ^C2 
^Cl * ^C2 



For any 
number 



For two 



Therefore^ either method elves the same 
value of total capacltlve reactance. When 
capacitors are connected In parallol^ total 
capacitance increases. Capacitance and capa- 
cltlve reactance are inversely proportional, 
^y combining these tw facts^ you can readily 
see that as capacitors are added In parallel^ 
total capacitance Increases and total capa- 
cltlve reactance decreases, 

2-*91, Figure 2-24 shows four capacitors 
connected in series-parallel with an AC 
voltage source. Here the values of capa- 
cltlve reactance are given for each capa* 
dtor. In this example, we need oidy apply 
the series and parallel total capacltlve 
reactance formulas. 

2-92. Flrst^ the effective capacltlve reac* 
tance of the parallel network will be 
determined. 



CI 



C2 




^l — If 



12 lul 



IS IcA 

C3 - 
8 lou' 



24 Icn. 



Flgure 2-24. Simple Series-Parallel Circuit 
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^C3 ^ ^C4 

^ (8 X 10^) X (24x10^) 
(8x10^) +(24x10^) 

192 X 10^ 
32 X 10'* 

3 

=> 6 X 10 ohms 

» 6 k ohms 

As Is in series with the reactances of 
CI and CZt we may scdve for total capa- 
cltlve reactance with the series formula. 

- 12kQ ^ 18 kQ ^6k£l 
= 36k£3 

2-93* As you have seen throughout this lesson 
the rules for voltage^ opposltloni and cur- 
rent in series^ parallel, and series-parallel 
circuits apply to capacitive circuits just as 
they apply to resistive circuits. Therefore, 
the following formulas (stated in capadtlve 
terms) for series and parallel capacitive 
circuits may also be used in addition to 
those covered in the preceding material. 




Figure ftotor-Stator Capacitor 




2r95, Classes and Types of Capacitors* 

2*96, Capacitors are divided into two gen- 
eral classes^ variable and fixed. 

2*97, Variable Capacitors, The capacitance 
value of capacitors in this class vary when 
a mechanical adjustment is made. The 
mechanical adjustment causes either plate 
area or dielectric thickness to change* This 
causes a change in the capacitance value. 
The following capacitors are ^ examples 
of variable capacitors. 



Series: - + + + , , , 



\ " ^Cl ' ^C2 ^ ^C3 



Parallel: = E^^ = E^^ = E^^ = . . . . 



^t =^C1*1C2*^C3* 



2*^94, Since the capacitive reactance is 
another type opposition to current flow, 
Ohm's law formulas also apply. Stated in 
capacitive terms, they are: 



a« The first type of variable capacitor is 
the rotor-stator capacitor^ figure 2*25, Vou 
are probably familiar with this type because 
many radios use a rotor-stator capacitor 
to tune in stations. As the rotor turns, 
it causes the plates to me^, varying the 
effective plate area and consequently 
the amount of capacitance. The rotor-stator 
c^dtor normally has air for its dielectric, 

b. The second type of variable capacitor 
is the compression capacitor. Hits type is 
shown in figure 2-26, The compression capa* 
citor consists of plates separated with a 
mica dielectric, The capacitance is varied 
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Flfurft 2*26. Oompresfllon Capacitor 



by changing fto distance tMtweenthe plate«, 
thus changing dlelectriothttkneu. Tightening 
the screw causes the distance to decrease* 
tfOOsenlng the screw causes the distance 
to increase. An Interesting point to note is 
that when the plates are cotnfdetely com- 
pressed, the dielectric is only the tnlca« 
However, as the plates move further apart, 
the dielectric is a combination of mica and 
air. 

2-98* Fixed Capacitors* Fixed capacitors 
have a find value of capacitance. They are 
generally named by the type ci dielectric 
each uses. 

The following capacitors are examples of 
fixed capacitors. 

a. Electrolytic. The electrOlytlG capa-^ 
dtor's tnslc construction is shown in figure 



2-27* The metal container iB the negative 
terminal, the electn^te is the negative 
plate, and a fUm of oxide on the positive 
plate acts as the dielectric. (Note: In this 
case* the capacitor type is NOT named tor 
the type of dielectric used)* The basic 
electrolytic capacitor has a definite polarity 
and is used only In DC circuits. U the 
polarity of the voltage were reversed, the 
oxide coatlng(dlelectric) on the positive (date 
would break down and current would flow 
through the capacitor. 

NOTE: Electrolytic capacitors can tM 
constructed for AC operation by connecting 
two units tnck to tnck* The plates of such 
a capacitor have previously formed oxide 
films. The AC electn^tlc capacitor is 
designed to present an insulating dielectric 
to both polarities* This capacitor Is a 
special type of electrolytic capacitor and is 




POSITIVE PLATE 
(ALUMINUM) 



ALUMINUM 
CAN 



OXIOE FILM 
(DIELECTRIC) 

ELECTROLYTE 
(NEG PLATE) 
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Figure 2-27. Electrolytle Capacitor 
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u«6d otdy to laClfliy 
require menu. 



special clroilt 



b. Pap0r Capacitors. Paper capacitors 
are In common uae because of their low 
cost and small size. The dielectric material 
Is usually wax^d paper which Is a porous 
material; therefore, paper capacitors 
are seldom used above 600 volts. The plates 
are long flat strips of tin foil and the paper 
is placed between them as the dielectric. 
All three are roiled together Into & cylinder^ 
as illustrated In figure a*28. When roiled 
In this fashion, one plate has two active 
surltices. The active area for calculation 
purposes, therefore, is twice the area of 
one plate. The completed cylinder Is usually 
placed in a metal or cardboard container 
and sealed with waxt or pitchy to keep out 
the moisture. The outslds foil Is normally 
connected to the ground side of the circuit 
in Order to create an electrostatic shield 
around the capacitor. The outside foil con- 
nection is normally Indicated hy a single 
color band at one end of the capacitor or 
by the work NEGATIVE at one end of the 
capacitor. On some capacitors, both the color 
band and the word NEGATIVE are used. 



c. Oil Capacitors. Capacitors designed for 
large capacitance values used at high oper- 
ating voltages are oftenoll*lmpregnated.The 
oil capacitor Is similar In constructlontothe 
paper type. Although oil (by Itself) ha^ a 
lower dielectric strength than the waxed 
paper used In paper capacitors, paper Impreg* 
nated with oil has a much higher dielectric 
strength. The oil capacitor operates at a 
lower temperature than ordinary paper capa- 
citors. They are designed for use In high 
power circuits and are commotUy used In 
transmitter circuits. 

d. Mica. Mica capacitors have capaci- 
tance values between 5 and 80|000plcofarads 
(pF) and are used In circuits subjected to 
voltages up to 15,000 volts. These low c;tpa- 
cltance components are used In hlgh^frs'- 
quency circuits. The high breakdown volt- 
age of mica allows the high-frequency^ high- 
voltage capacitors to t)e small In size 
compared to the same capacity and break- 
down voltage of a paper capacitor. Physically 
alternate layers of tin foil (or aluminum 
foil) and mica zre molded In a bakellte or 
plastic case. The finished pro(hict is (hirable 
and compact In design. 
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Figure 2-28. Paper Capacitor 
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TUSULAR 



CYUNDRtCAU 




DISK 
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Figure 3-29, Ceramic Capacitors 



6* Ceramic C^acUora* With the develop- 
ment ot higher (rectuenclea uaed in com- 
munlcationa and television, there came a 
need {or small capacitors with a high dielec- 
tric atrength* The ceramic capacitor was 
designed to tUi these needs* Ceramic capa-* 
dtora range {rom 3*3 pF to 0*1 /xF Buid 
can be uaed in low-power high-voltage clr» 
culta to 30^000 vtdtsX They are exten- 
sively uaed In television hlgh-voltage power 
suppliea* The construction Is quite simple: 
A hollow ceramic cylinder Is coated Inside 
and out with silver paint* Contacts to the 
coatings are placed at each end of the 
cylinder* Thesilverconductorsareaeparated 
{rom each other the ceramic cylinder. 
The ceramic capacitor Is quite small 
Physically* ar i because o{ their size, shape. 



and coloring^ they are sometimea mistaken 
{or resistors* Some typical ahapea are 
shown In figure 2-29* 

2*99* Capacitor Color Code* 

2-100* The capacitance value and vdtage 
rating may tM stamped on the boc^ ot the 
capacitor^ but aometlmes values are indi- 
cated \jy color codes* Because there are so 
many shapes and sizes o{ capacitors^ no one 
standard system has tMen adopted. Your 
ELECTRONIC HANDBOOK gives you 
a breakdown of aome of the more commonly 
used systems* Usually^ when you find it 
necessaty to replace a capacitor In a piece 
of equipment, your tMSt reference will be the 
equipment technical order* 
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Chftpter 3 

mOUCTOHS AND INDUCTIVIE REACTANCE 



3-1. Inthli chapter the effects of induetaiiec 
in an electrleaa circuit wltl be explained* In 
order to understand thli property of an 
inductor the follo^ng subjects will be dlecu5* 
sed'. Magnetlsntf Electromagnetlsnii Indue* 
tors and Inductive Reactance. 

3*2. Magnetism* 

3^3* Magnetism^ like electrldty* is another 
invisible force which has been known to man 
for many centuries* No one knows the full 
details as to what causes magnetism^ but we 
can sae how It works and what It does* 

3-4* Magnetism Is gensrally defined asthat 
property of material that enables Ittoattract 
ferrous material* Magnetic matsrlalSf such 
as; Ironf steely nickel and cobalt, that con- 
tain such properties are used for magnets* 
3-5* There are natural magnets andartUlcial 
magnets* Natural magnets arefoundlnnature 
and possess the property of attraction. Far 
practical applications natural magnets are of 
little use except for the earth Itself whose 
magnetic field directs magnetic compasses, 
whlcdi are widely used* It Is possible to 
produce more powerful artificial magnets* 

3*6* Magnets produced from magnetic mate* 
rials are called ABTinCIAL MAGNETS* 
They are usually classified as PERMANENT 
or TEMPORABYt depending on their ability 
to retain their magnetic properties after the 
magnetixlog force has been removed* 

3*7* The ability to retain magnetism Is 
called the RETENTIVITY of the material* 
This depends on: (1) how much opposition a 
material offers to magnetic lines of force 
(RELUCTANCE)t and (2) the ease with which 
magnetic lines of force distribute themselves 
throughout the material (FERMEABtUTY}*A 
permanent magnet would be produce^ from 
material having hlg^retentlvity* Atemporary 
magnet would be produced from material 
havli« low retenUvlty* RESIDUAL MAGNE- 
TISM Is the magnetism left after the mag- 
netizing force has l>een removed. A material 
which has a high retentlvlty will have more 
residual magnetism* 



3-8* MAGNETIC FIELD* 

3-9* A concept called LINES OF FLUX or 
LINES OF FORCE is used to explain the 
things a magnet does* These are imaginary 
lines; you cannot iee them* They represent 
magnetic force* The lines of flux ^around a 
magnet make up a pattern called a magnetic 
field* The effects of this force pattern can 
be shown by placing a sheet of glass on a 
magnet lying on a flat surface* Filings 
sprinkled on the giuis will settle in a pat-* 
tern of lines called flux lines or lines of 
force* This pattern Is shown in figure 3*1. 

3-10* UNES OF FORCE* To furtherdes^ 
cribe and work with magnetic fields, Unes 
represent the force existing In the area 
surrounding a magnet (refer to figure 3-Z*) 
These lines, called MAGNETIC LINES OF 
FORCE* are Invisible; but the Iron fllii«s 
(figure 3*1) Illustrate their pattern In the 
magnetic field* The magnetic lines of force 
are assumed to emanate from the north 
pole of a magnetf pass through the sur-* 
rounding space^ and anier the south pole* 
Within the magnet they pass from the south 
pde to the north pole, thus completing a 
closed loop* 




Flgue 3*1* Magnetic Field 
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a-11. Whtn two magnetic poles are brought 
.clo0e together^ the mutual attraction or 
repulsion of the poles produces a more 
complicated pattern than that of a slngU 
magnet. These magnetic Unea of force can 
be plotted by placing a compaoa at various 
points throughout the magnetic fields or they 
can be roughly itluatrated by the use of 
Iron filings as before. A diagram of mag- 
netic poles placed close together Is shown 
In figure 3^3. 

3-12. Although magnetic lines of force are 
Invisible^ a simplified explanation of many 
magnetic phenomena can be explained by 
assuming the magnetic lines have certain 
real properties. The lines of force can be 
compared with rubber bands which stretch 
outward when a force Is exerted upon them 
and contract when the forcels removed. 
The characteristics of magnetic lines of force 
can be described as follows: They 

a. are continuous and always form closed 
loops. 

b. never cross one another. 

c. tend to shorten themselves. There- 
fore, the magnetic lines of force existing 
between two unlUce poles cause the poles 
to be pulled together* 

d. pass through all materials, both mag- 
netic and nonmagnetic. 

e. always enter or leave a magnetic 
material at right angles to the surface. 

3-13. MAGNETIC POLES. The magnetic 
force surrounding a magnet is not uniform. 
There exists a great concentration of force 
at the ends of a magnet and a very weak 
force at the center. Proof of this can be 
obtained by using Iron tilings (figure 3-1). It 
is found that many filings wlil cUng to the 
ends of the magnet while very few adhere 
to the center. The two ends^ which are the 
regions of concentrated lines of force^ are 
called the POLES of the magnet. Magnets 
have two magnetic poles and both poles have 
equal magnetic strength. 



3-14. If a bar magnet is suspended freely 
on a string, as shown in figure 3-4, It will 
align Itself In a north and south direction. 
When this experiment is repeated, the same 
pole of the magnet will always swing toward 
the north pole of the earth* ThereforOf It la 
called the north-seeking pole or simply the 
north pole. The other pole of the magnet la 
the south-seeking pole or the south polo* 



3-15. A practical use of the directional 
characteristic of the magnetlsthecompaas, a 
device In which a freely rotating magnetized 
needle indicator points toward the north pole. 
The realization that the poles of ^ suspended 
magnet always move to ^ definite position 
gives an indication that the opposite poles 
of a magnet have opposite magnetic polarity. 
The north pole of a magnet will always be 
attracted to the south pole of another magnet 
and will always be repelled by the northpole. 
The law formagnetlc poles Is: LIKE POLES 
REPELt UNUKE POLES ATTRACT* Fig- 
ure 3-3 shows the patterns of the lines. of 
force when the poles are placed near each 
other. 



3-16. Theories of Magnetism^ 



3-17. There are two popular theories of 
magnetism, WEBER^s THEORY and the 
DOMAIN THEORY, WEBER'S THEORY con- 
siders the molecular magnets disarranged 
as In figure 3-5. This causes eachmolecular 
magnet to neutralise each other making the 
material unmagnetlxed* If all the molecular 
magnets were made to align themselves so 
that each added to each other ad in figure 
3-5t the material becomes magneti2ed*MAG- 
NETIC INDUCTION ie a method of mag- 
netising a bar of iron by stroking it with a 
magnet as shown in figure 3-5, ftipport 
for the WEBER THEORY Is Indicated when a 
bar magnet is divided in baU* each Le 
magnetised la the same direction as the 
original magnet. If this process Le repeated 
many times each individual niagnet wlil 
have a north and south pole In the same 
direction as the original bar magnet, figure 
3-6. 
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HKP4'733 

Figure 3-2. Lines o{ Force 



BAR MAGNETIZED 
Figure 3-5. MagneUilng by Induction 




UNLIKE POLES ATTRACT 




LIKE POLES REPEL 

NKP4-734 

Figure 3-3. Attraction and Repulsion 




MMP4'735 

Figure 3-4. CoiDpaflS Action 




Figure 3-6, Weber Theory 

3-18. The DOMAIN THEORY Is baaedon 
the electron spin principle. It assumes that 
the electron not only developes an electric 
(leld but also a magnetic field, as It spins 
In Its orbit. H an atom has equal numbers 
o( electrons splning In opposite directions, 
the magneUc (lelds surrounding the elec- 
trons cancel one another, and the atom Is 
demagnetized. H more electrons spin in 
one direction than another, however, the 
atom Is magnetized. 

3-19. When a number oS magnetized atoms 
are grouped together, there Is an Inter- 
action between their magneUc forces. The 
smaU magnetic (orce o( the field surround- 
ing the atom affects adjacent atoms, thus 
producing a smaU group of atoms with 
parallel magnetic fields. This group of mag- 
netic atoms Is known as a DOMAIN. 
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Throughout a domain there is an intense 
magnetic field without the influence of any 
external magnetic field. Since about IQ mil- 
lion tiny domains can be contained In one 
cubic mlllimeteri it la apparent that mag-* 
netlc material is made up of a large number 
of domains. The domains in any substance 
are always magnetized to saturation^ but 
usually randomly orientated throughout a 
material* Thus^ the strong magnetic field 
of each domain is neutralized by opposing 
magnetic forces of other domains* When an 
external field is applied to a magnetic sub* 
stance, the domains will line up with the 
external field. Since the domains themselves 
are naturally magnetised to saturation, the 
magnetic strength of a magnetized material 
Is determined by the number of domains 
aligned by the magnetizing fbrce. This theory 
of magnetism is known as the DOMAIN 
THEORY* 

3*20, Electromagnetlsm, 

3-21* Electromagnetism plays an Important 
role in electronics. Before exploring the idea 
of electromagnetism, let's first define the 
term electromagnet: An electromagnet Is an 
electrically excited magnet capable of exert- 
ing mechanical force, Present day exaniples 
of electromagnets Include the starter solenoid 
on an auton>oblle» electromechanical Input- 
output devices used with computers^ and the 
simple door bell* There are many more. 
Each of these particular devices operate on 
the principle of a current carrying conductor 
wrapped around a soft Iron core, 

3-22* By experimenting -we can prove the 
existence of a magnetic field surrounding a 
conductor carrytngDC* Figure 3-7 illustrates 
the procedure used. Note that a straight 
piece of wire Is passed through a hole in a 
piece of glass and connected to a source of 
DC through a rheostat and switch. By sprin- 
kling iron filings over the glass and then 
tapping it gently^ the filings will arrange 
themselves in circles about the wire. If two 
magnetic compasses are placed on the glass^ 
the compass needles will point in the direction 
of the magnetic lines of force, Itothis experi- 
ment the magnetic lines of force are traveling 
In a counterclockwise direction. The result 




Figure 3*7, Electromagnetic Field 
(Counterclockwise) 

of this experiment shows that a magnetic 
field does exist about a current carrying 
conductor and that the field also has 
direction, 

3-23, If the battery is reversed, as shown in 
figure 3-*8, the direction of the current in 
the circuit Is reversed, the direction of both 
compass needles will change by 180^^ indi- 
cating that the direction of the magnetic 
field is novr clockwise about the wire, 

3-24, Thu$» a change In the direction of 
current produces a change in the direction 
of the magnetic field. The Important point 
to rememt>er with respect to the above 
experiment Is that whenever an electric 
current is flowing^ a magnetic field exists, 

3-2S, When the wire carrying the electric 
current is straight, the magnetic field about 
each point on the axis of the wire Is cir- 
cular. Figure 3-9 shows this circular field 
about several such points In the wire. 



T 
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Figure 3-8. Electromagnetic Field 
(Clockwise) 
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Figure 3*9* MagneUc Field Around 
a Wire 



3-26* The easiest vay to find the direction 
of the magnetic field about a straight wire 
carrying an electric current Is tiy the LEFT- 
HAND THUMB RULE tor conductors* 

3--27* It you grasp the wire by your left 
haiid so that your thumb points In the direc- 
tion of the flow of electrons^ your fingers 
curled about the wire will point in th^. dlrec^ 
tion of the magnetic field* Figure 3-10 
ttbowd the left-tiand thumb rule tor finding 
the relation tMtween the direction of the 
magnetic field and the current In the con- 
ducting wire* 

3--28* Figure 3-llA shows a cross-eection 
of the wire and the magnetic fields and 
represents the way the field would appear 
It you looked at the end of the wire with 
current flowing away from you* The crose 
In the center of the wire is used to Indicate 
that current Is flowing away from you into 
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Figure 3-lC* Left Hand Rule 



the paper* You can find the direction of 
the magnetic field in such tit diagram by 
placing your left thumb perpendicular to 
the paper and pointing toward It* The 
fingers of your left hand will then be in 
the direction of the field* 

3^29* Figure 3-110 shows a croms* 
section of the magnetic field about a wire 
In which the current is flowing out of the 
paper* Notice that the direction of the 
fields is the reverse of that of figure S'-llA* 
II you grasp the wire by your left hand 
so that your thumb is pointing directly 
upward from the paper^ your lingers will 
point In the dlrecUon of the field* The dot 
In the center of the wire Is used to indi- 
cate the current Is flowing out of the paper 
toward you* 
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Figure 3-llA. Wire and MagneUc Field 
(Current into Paper) 
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Figure 3-llB* Wire and Magnetic Field 
(Current out of Paper) 

Figure 3*11* 
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3-30. Taking the straight wire shown in 
figure 3-9 and forming it into a loop as In 
figure 3-12, tho left-hand thumb rule will 
show that the magnetic lines around tho wlro 
enter one face of the loop and all come out 
of other facti. With current flowing In lt« the 
loop of wire acts like a short bar magnet. 
The face of the loop that the lines enter is 
the south pole and the face that they leave 
Is the north pole. 

3^31. If you wind several loops to form a 
coil as shown in figure 3->13t a more powor* 
fui magnetic field will be created. Inside 
the coil# the lines are concentrated to^forma 
very powerful field while outside the coil« 
they are spread out. 

3->32. A coil like that of figure 3->13 with 
current flowing in it is an electromagnet 
and it Is equivalent to a bar magnet. Its 
magnetic field has the same shape as the 
field of a bar magnet and it obeys the same 
laws of magnetism that a bar magnet obeys. 
That ISf the unlike poles of two coils attract 
each other and the like poles repel. If the 
coll is free to rotate in a horizontal plane 
and Is placed in a magnetic fieldf it wiU 
rotate^ as will a compass needle^ to take 
position such that the lines inside the coil 
are parallel to the lines of the field. The 
easiest way to find the north pole of a 
current carrying coil is by using the LEFT-* 
HAND THUMB RULE. 




Figure 3->13. Magnetic Field 
of a Coll 



3->33. If you grasp the coll by your left 
hand so as to allow your fingers to point 
in the direction of current flow^ your thumb 
will point toward the north pole. In figure 
3-13, the magnetic lines of force are leav- 
ing the north pole of the coll and entering 
at the south pole. 

3->34. The strength of electromagnets may 
be increased by Increasing the magnetizing 
force. MAGNETIZING FORCE for an elec- 
troma^et is the amount of current through 
the c 'il times the number of turns of the 
coil. More current will set up more lines 
of force and thus^ make a more powerftil 
magnetic field. Also« the more turns of wire 
wrapped around the core^ the stronger the 
field. A field of a given strength can be 
produced by using luzny turns of wire carry- 
ing a small current or by using few turns 
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Figure 3-12. Magnetic Field 
of a Loop 
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o( wir6 carrying larger current* Tbui, an 
eKctrlc-currant of 2 amPeras flowing in A 
coll of &1OOO turna will produce the aania 
number of llnoa u & currant of 20 amparaa 
flowing In a coll of 900 tuma* The product 
of tha number of turna In ft coll and the 
amperea tlowing in the coll la called the 
ampere^turna of the coll* Two colla with 
the aame number of ampere-turna will, If 
their cores are Identical, produce magnetic 
fields of the aame strength. Tha aame pro* 
duct of amperes and turns gives the same 
effect, no matter what the separate values 
ol current and turna may be* 

3*35* U you place a bar of Iron or soft 
steel In the magnetic field of a coll (see 
figure 3-14), the bar will become magne- 
tized* The bar has so much less reluctance 
than air, that thousands of additional magnetic 
lines are produced by the same current* The 
characteristic of magnetic lines to shorten 
themselves causes the bar to be pulled into 
the coll until the bar Is centered in the coll, 
where the field is most Intense* The bar 
becomes magnetized by the Held of the coll 
in such a way as to be attracted Into the coll* 



3-36* U, in a given coU containing an iron 
core, the current Is continually increased, a 
point is reached where furu*jr increases In 
current do not produce corresponding In- 
creases in the number of lines of flux* When 
this point Is reached, the core is said to be 



SATURATED. Sometimes, the Current In ths 
coll Is deliberately made so large that 
saturation of the core takes place* The mag* 
netlc field, in any electromagnet, is con* 
centrated In the Interior of the CQlL The 
number of magnetic lines will be dependent 
on the permeability Oi) of the core material* 
The number of magnetic lines per unit of 
area is called flux density* By Increasing 
the magnetizing force (H), flux density (B) 
win also Increase. This can be expressed 
as B « fxH* 

3-37* Inductance and Inducting Voltage. 

3-36* Inductance* The property of a clr*- 
cult which opposes any change in current 
flow is called INDUCTANCE, All circuits 
h&ve Inducttmce* The opposition, however^ 
takes place only Mrtien there is a change 
in current flow* INDUCTANCE does NOT 
oppose current flow, only a CHANGE in 
current flow* Where current is constantly 
changing, as in aii AC circuit, opposition 
caused by inductance is always present. 
The symbol fbr Inductance Is the capital 
letter "L", 

3-39* Inductance opposes a change in cur- 
rent flow* I'hls Opposition is due to counter 
EMF (CEMF)* Counter EMF is an opposing 
induced vOltage caused by self Inductance* 
The requirements for an Induced voltage 
are: a magnetic field, a conductor, and 
relative motion* 
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Figure 3-14* Magnetic Core 
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Figure 3-15. Magnetic Flelda for Alternating Current 



3-40. In figure 3->lSA we have a conductor 
wltb w alternating current applied from the 
generator. At time T0» in figure 3"1SB» the 
current waveform is at zero» representing 
no current flow In the conductor^ and there 
Is DO magnetic field. From TO to Tl the 
current Is Increasing and Is flowing from 
A to B In the conductor shown In agure 
3-'lSA. This Increase In current flow pro- 
duces an expanding (or moving) magnetic 
field around the conductor. This magnetic 
field (shown In figure 3"15C) cuts the con- 
ductor as the aeld expands. We now have a 
conductor^ a magnetic aeld, and the reU-> 
tlve motion necessary for Induction. 

3-'41* When the current decreases from 
maximum to zero (during the interval Tl 
to T2, agure 3*1SB)» the magnetic aeld 
collapses and cuts the conductor In the 
opposite direction. We again have a conduc-^ 
tor» a magnetic fields and relative motion. 
The same sequence of events occurs during 
the Interval T2 and T4» except that tbe 
current In the conductor (agure 3-15A)flows 
from B to A and produces an opposite 
polarity of magnetic aeld. In all cases, 
the Induced voltage opposes the change In 
current amplitude or direction. 



3*42, To Increase the property of Induc- 
tance» the conductor is formed Into a loop 
or colL In figure 3-^16^ we have a con- 
ductor which forms 2-'l/2 loops or turns. 
Current flow through one loop produces a 
magnetic aeld that encircles the loop In 
the direction shown (agure 3-^16A). As cur-> 
rent Increases, the magnetic field expands 
and cuts all loops (agure 3-'16B). The cur-> 
rent In every loop affects all other loops. 
The field cutting other loops has the effect 
of Increasing the opposition to a current 
change. There are four physical factors 
which affect the Inductance of a single- 
layer coil. They include: (a) the number 
of turns In the coil, (b) the diameter of the 
coil, (c) the coil length, and (d) the type of 
material used for the core, 

3M3. First* let us see how the number of 
turns affects the inductance of a coll. Figure 
3-17 shows two colls. Coil A has two turns* 
and coll B has four turns. On coil A* the 
field set up by one loop cuts one other loop. 
On coil B, the field set up by one loop cuts 
three other loops. Doubling the number of 
turns In the coil will produce a fleld twice 
as strong using the same current, A aeld 
twice as strong cutting twice the number of 
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Figure 3-16. Inductance 

turns wl" induce four times the voltage. The 
inductance then varies aa the aquaro of the 
number ot turns. 

3-44. ThesecondfactorlBlhecoUdlwnoter. 
in figure 3-18 you can see that coll B taa 
tticTSie dKuneter of coll A. R«call that 
S^^eUc Unes repel each other; the greater 
crofls-sectlonal area of coll B, thereibre, 
provides an easier path tor the magnetic 
flux than the cross-sectional area of coil A. 
Again, this has the effect of increasing the 
strength of the magnetic field and, in bxvti, 
increasing the inductance of 
inductance of a coll increases directly as 
the cross-sectional area of the core in- 
creases. RecaU the formuU for tte ar« 

«f a circle* A " ' • Do**"n8 
Vus of a'coif. therefore, increases the 

inductance by a factor of four. 
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Figure 3-17. Inductance Factor (Turns) 



Figure 3-18. Inductance Factor (Diameter) 
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3-49. Tho UUrd (actor ctiaC affocte the 
Inductance of a cotl Itf the length of the coll. 
Figure 3-10 shows the examples of coll 
flpactngg. CoU A has three turns» rather 
widely spaced making a relatively long 
coll. A coll of thlfl type ha3 few flux Unkagoa, 
due to the space between each turn» and 
therefore, low Inductance. Coll B has closely 
spaced, turns making a relatively short colU 
This close spacing Increases the flux linkage, 
Increasing the Inductance ofthe coll. Doubling 
the length of a coll halves Its inductance^ 

3*46. The fourth physical factor is the type 
of core material used with the coll. Figure 
3-20 shows two coils: coll A with an air 

m 2L 



A 




CLOSELY WOUND 



Figure 3-19. Inductance Factor 
(coil Length) 



core» and coll B with a soft Iron core. Th« 
magnetic core of coll B is a better path for 
magnetic lines of force than the nonmag- 
netic core of coll A, The magnetic core's 
high permeability had less roluctance to the 
magnetic flux» resulting In more magnetic 
lines of force. This Incroajse In the mag- 
netic field Increases the number of lines of 
force cutting each loop of the coll» thus 
Increasing the inductance of the coiL 

3-47. The unit of Inductance (L) of a coll 
Is the henry (H)r A coll which developes a 
CEMF of one volt >vhen the current Is chang* 
Ing at the rate of one ampere per second 
has an Inductance of one henry. For the 
single-layer coil, we can develop an expres* 
slon which shows the relationship of the 
four physical factors which approximates 
the Inductance: 




B, SOFT IRON CORE 

Figure 3-20^ Inductance Factor 
(Core Material) 
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Where; 

L m Inductance 

N • Number of turns 

A m Cross*aectlonal area of the core 

/i I Permeability of the core material 

1 m Length ot the coll 

k m Constant 

3*48* An additional factor to increase 
Inductance Is to Ujrer*i)vlncl the coll* Figure 
3-^21 shows a colt using close spacing and 
wound In layers* This has the «ffect of 
obtaining maximum flux linkage. Thus* the 
layer*wound coll has larger Inductance 
values than the same sl2e slngle*layer coll* 

3*40* Total Inductance* 

3*50* Many times you will come across 
circuits with several Inductors in them. 
These Inductors may be connected either 
in series or la parallel* The rules far com* 
putlng the total Inductance in a series or 
parallel Inductance circuit are similar to 
the series or parallel resistance circuit. 



3-M* Figure 3*22 Illustrates three colts 
(Af Bf and C) connected In series In ftn AC 
clrcultf Coll A Introduces a certain amount 
of Inductancoi coU B adds to this InductancSf 
and finally coll C adds to the total of A and B. 
In order to find the total Inductance in a 
series circuity you must add the inductance 
of all the coltSf The formula for total 
inductance of colts connected In series Is: 



LI ^ L2 ^ L3 ^ 



Let us substitute the following values ^of 
Inductance In figure 3*22: A • 12 henries; 
B 7 henries; and C • 3 henries* 



LI ^ L2 ^ L3 



L^«12H^7H^3H 



22 H 
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Figure 3-21* Inductance Factor 
(Layer Winding) 



Figure 3*22, Series Circuit 
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3*32. Now let m 0oe what happens whon 
we have three colU In parallel aif shown In 
flKuro 3-23* The cOlU Y, and Z provide 
throe P^ithfl for current. The current that 
goe£i through coll X la opposed only by the 
Inductance of coll X* The fltmie is true of 
the current going through coll Y and coll Z. 
The formula for computing the total induct- 
ance of a parallel circuit, therefore, la as 
follows^ 



1 



Ll 



L2 



1 ^^ 
L3 



Now» let ua substitute some values for X, 
Y, and Z of figure 3-23 as follows: 

X 5 8 henries 

Y = 16 henries 

Z r 16 henries 



1 



JL I , 1 
Ll * L2 * L3 * • • • 



1 



8H * 16H ^ 16H 



1 



4 

16H 



4 H 



3*53* The series and parallel methods of 
calculating equivalent Inductance can be 
applied to any series- parallel circuit con- 
taining lnc:uctors« Wnen solving for total 




rigur^ 3-23. Parallel Circuit 

inductance In a aerlea-parallel circuit* com* 
put« the equivalent Inductance for the paral- 
lel Inductances and then forseries inductors. 
After each equivalent had been calculated 
solve the resulting circuit by substituting 
the equivalent Inductances In the circuit* 

3''S4« Notice that the formulas for com* 
putlng total Inductance of Inductors con- 
nected In series and parallel resemble the 
formulas for resistors connected In series 
and parallel* An Important thing to keep in 
mlnd» however* Is that these formulas apply 
providing the flux linkages of one coll do 
not cut any other coll* 

3-55* Inductive Reactance* 

3-S6* We have mentioned that an Inductor 
opposes a change In current flow* Knowing 
this fact^ you can see that an Inductor has 
very little effect on direct current* A sine 
wave of alternating current^ however* Is 
continually changing^ This means that the 
magnetic field in ati AC circuit Is con^ 
tlnually changing^ generating a CEMF which 
Is continually opposing the change In current* 
In oro-^r to understand the effects of an 
Inductor circuity weUl analyze the 

effects ol inductor In a circuit with a 
variable current source* 

3-57* In figure 3-24A, we have an inductor 
connected to a variable current source* The 
graph in figure 3-24B shows the relationship 
that exists between the current (I) through 
and the voltage (E) developed across an 
Inductor with respect to time* The solid 
line represents the cu3:rent and the dotted 
line represents the voltage* This magnetic 
field expands and collapses* 

3-S8* From TO to Tl* both current and 
voltage are zero* When current flow increases 
at a linear rate* as from Tl to T2^ It pro- 
duces a magnetic field which expands at a 
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Figure 3*24, DC Voltage-Current 
Relationship 

linear rate. This linear change In magnetic 
field Induces a fixed voltage (E) across the 
Inductor, With no change in current, as from 
T2 to T3, there is no change in magnetic 
field, and thus no voUage is Induced, The 
Induced voltage (E) equals zero whenever 
there Is no relative motion between the 
magnetic field and conductors* 

3-S9, When current flow decreases at a 
linear rate, as from T3 to TS» the magnetic 
field collapses at a linear rate. This linear 
change In flux Induces a constant voltage 
which Is opposing the current decrease. 
Notice the polarity of the Induced voltage 
caused by the collapsing fields from T3 to 
TS, is reversed from the polarity of volt- 
age developed by the expanding field, from 
Tl to T2, 

3-60, Also note that the rate of change of 
current determines the amount of Induced 
voltage. From Tl to T2, the rate of change 
is twice as fast as from T3 to TS, Current 
Increased from 0 to 2 in one unit of time 
(Tl to T2), but it decreased from 2 to 0 in 
two units of time (T3 to T5), Therefore, 
the voltage developed from Tl to T2 is 
twice the amplitude (44 units) as from T3 
to T5 (-2 units). 



3<*dl* Now let's apply a sine wave of alter- 
nating current to the Inductor to see wliat 
happens* Refer to figure >2S* At time TO, it 
the sine wave of current has the same Initial 
rate of change as shown at Tl in figure 3-24, 
the voltage Induced will be equal to that 
developed at Tl (^4 units)* As the rate of 
change of current gradually increases^ from 
TO to Tl, the voltage Induced decreases* 
At Tl, the current stops increasing* At this 
time» we have a zero rate of change and the 
Induced voltage will be zero* As the current 
flow decreases (Tl to T2), its magnetic field 
collapses and the polarity of the voltage 
induced across the Inductor reverses, Notice 
that at Tl, with zero rate of change, E s 0* 
As the rate of change of current decreases 
to minimum at T2, where even the direction 
of current flow changes, E s maximum with 
reversed polarity from TO (-4 units), 

3*62* Assume that current flow through the 
coil is from B to A, during time TO to T2* 
The current through the coil forms an elec* 
tromagnet which has one polarity. During the 
next half-cycle (T2 to T4), current flows 
from A to D and the electromagnet formed 
by the current has the opposite polarity* 
The electromagnet's polarity depends on 
current and has no relation to the voUage 
Induced by the changing current. 
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Figure 3-2S. AC Voltage-Current 
Relationship 
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3-^63. In all cafies, the AMPLITUDE of the 
induced voltage Is determined by the ntte of 
change of current flow. The POLARITY of 
the Induced voltage Is determined by two 
factors: the direction of current flow and 
whether It Is Increasing or decreasing. The 
Induced Voltage opposes any change in cur- 
rent flow, U current Is Increasing, Induced 
voltage opposes the Increase; If current Is 
decreasing. Induced voltage opposes the de^ 
crease* Of special Interest Is the factthatlbr 
the sine wave of current, there Is a sine 
wave of voltage* Refer to figure 3-26. Maxl- 
mum CEMF Is produced at the first Instant 
AC Is applied to a coll. Anytime the current 
Is going from zero (0) to some other value 
at the maximum rate of change, CEMF Is 
maximum. During this tlnie the Inductor 
appears as an open* An open has maximum 
voltage across It. When the CEMF Is over* 
come current begins to flow through the coll. 
Effectively, this happens In a purely Inductive 
circuit and because of this, we say that cur- 
rent la^s the apptled voltage across an 
Indue* by 90*. 

3"b^ The inductor reacts to the changing 
current by producing CEMF. This CEMF Is 
produced by the expanding magnetic field 
which stores energy aiuil the collapslr^ of 
the magnetic field which restores the energy 
back to the circuit. Because the energy Is 
restored back to the circuit the Inductor 
dissipates NO power. The opposition an 
Inductor offers is called REACTANCE* The 
symbol for reactance Is X. The reactance 
of a coll is INDUCTIVE REACTANCE. The 
symbol for Inductive reactance Is Xj^ and Is 
define ^ as the opposition to alternating cur- 
rent flow offered by the in<lactance of a cir- 
cuit* We can calculate the inductive reactance 
of a circuit by using the formula: 

* 6*28 fL 



where X, 



2 ^ 



inductive reactance In ohms 



6.28 



f ■ frequency in hertz 

L ■ Inductance in henries 

3-65. As you can see by the formula, there 
are two variables which affect inductive 
reactance. They are Inductance and fre^ 
quency. You will find that since Inductive 
reactance is opposition to alternating current 
flow, we use the same unit of measure as 
we do for resistance. 

3-66. Now let us look at two examples to 
see how a change in frequency affects the 
inductive reactance. U a frequency of 60 
hertz is applied to an Inductance of 8henrles, 
as shown in figure 3-27, what is the inductive 
reactance? 

Solution: 

z 6*28 fL 
\ = (6.28) X (60) X (8) 

^ 3014.4 ohms 

3-67, Now let's take the same coll and 
apply a ftequency of 120 hertz as shown in 
figure 3-27B. 

Solution: 



■ 6*28 fL 



X^ = (6,28) X (120) X (8) 



6028*8 ohms 
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Figure 3-26, Phase Reistlonshlp 



ERIC 



3-14 



98 



60 Hi §e HENRIES 

I 



120 Hi 



8 HENRIES 



ttEP4~757 



^ 113 

60 Hi B 3 HENRIES 

I 



60 Hi 



6. HENRIES 



Figure 3-27. Inductive Reactance 
(Frequency) 



Notice that ^en the frequency applied to the 
circuit Increases, the Inductive reactance 
Increases* X. Is directly prcportlonal to f* 

3-68. Now let us look at two examples to 
see how a change In inductance affects the 
Inductive reactance* Connect a coil with an 
Inductance of 3 henries In a circuit with a 
frequency of 60 hertz, as shown In figure 
3*28A| and compute the Inductive reactance* 

Solution: 

• 6.28 fL 

' (6*28) X (60) X (3) 

" 1130.4 ohms 

3*69* Now substitute a 6*henry coil for 
the 3-henry coll* The circuit now looJcs like 
the one shown In figure 3-28B* 

Solution: 

\ = 6.28 fL 

' (6*28)x(60)x (6) 

z 226a8 ohms 



Figure 3-28. Inductive Reactance 
(Inductance) 

Notice^ In this case, that we Increased the 
Inductance of the coll which Increased the 
Inductive reactance of the circuit* X Is 
directly proportional to L. 

3-70* In Inductive circuits which contain 
Inductors In series^ parallel^ and series- 
parallel^ we solve for total reactance In 
the same way as we solved for total resistance 
In resistive circuits. 

3-71* Types of Inductors. 

3-72* Figure 3*29 shows the symbols for 
several Inductors: '*A" has an air core, 
"B" has a fixed magnetic core^ and *'C'' 
has a variable magnetic core* The air-core 
Inductor is often used In radio- frequency 
(RF) circuits while the fixed magnetic core 
Inductor finds numerous applications In audio- 
frequency (AF) and power circuits* The 
variable magnetic core inductor Is used In 
both AF and RF circuits* 
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Figure 3-29. Inductor Symbols 
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3*73. In an earlier Icflson^ you learnod that 
powor frequentiloa of 60 and 400 hertz aro 
within the range of audio frequencies. For 
this reasont power and audlo-frequency 
inductors are similar In construction. The 
main differences between the two are the 
type of core material and the size of the 
wire In the coil. The power inductor is 
wound with larger wire to handle larger 
amounts of current than the audio-frequency 
inductor. Both have laminated cores^ but 
core losses are held to a minimum in the 
audio Inductor by using thinner laminations. 

3-74. The RF inductor is used in circuits 
having frequencies above 20^000 hertz. The 
RF Inductor normally has an air core« but 
may have a fixed or variable magnetic core. 

3-73. Let's look at the physical character- 
istics of the three types of inductors dicussed: 

POWER ' laxninated iron core 

- medium to large size 

- large wire 

AUDIO laxninated iron core 
small to medium size 
small wire 
* special winding techniques 

RF " air - or powdered-iron core 

- small size 

- few turns 

special winding styles 

3*76. Inductor Losses, 

3-77. Due to the physical and electrical 
characteristics of a coil^ when current is 
applied there are power losses. Power loss 
is defined as energy dissipated without 
accomplishing work. There are three types 
of power loss in an inductor: copper loss^ 
hysteresis loss» and eddy current loss. 
Methods have been devised to reduce each 
of these losses. 



3"78. The first of the throotypesofinductor 
loss we will discuss is the copper loss. 
per loss results from the resistance of the 
conductor used to wind the coil* It is a heat 
loss which can be reduced by increasing the 
size of the conductor^ or by using a material 
of lower resistance for the conductor. Nor-* 
mally^ copper loss is reduced by increasing 
the conductor size. The only conductor mate- 
rial having less resistance than copper is 
silver. 

3"79. The second inductorlossishyst?resis 
loss. As you knoWf the core of a coil is 
magnetized whenever a current is flowing in 
the coil. If AC is applied to the coil, the 
core is magnetized first in one direction, 
and then in the other direction, when a 
material is magnetized, the molecules of the 
material align themselves with the magnetic 
field. Every time the magnetic field reverses, 
the molecules realign themselves. This con- 
stant reversal of the molecules causes 
molecular friction^ thereby producing heat> 
Hysteresis loss is reduced by using high 
permeability material for the core. The 
higher permeability material has less molec* 
ular friction* 

3^80* The third Inductor loss is eddy cur- 
rents* Eddy currents are currents which are 
induced in the core of the inductor. You 
remember our requirements for inducing a 
voltage: a conductor, a magnetic Held, and 
relative motion. In this case, the core is 
the conductor which is cut by the expanding 
and collapsing fields of the coilf inducing 
current in it. Eddy currents cause heat in 
the core* 

3-81. Eddy currents are reduced by lamin- 
ating the core* A laxninated core is one made 
up of thin sheets of metal, electrically 
insulated from one another as shown in 
figure 3-30. The insulation does not oppose 
the magnetic flux^ but it does reduce the 
eddy currents by limiting the paths for 
current flow. 

3^82* Often you will see inductors referred 
to as CHOKES or CHOKE COILS. These 
terms are very descriptive of the charac- 
teristics of an inductor. In other words, an 
inductor tends to choke or oppose any change 
in current In a circuit. 
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Flffure 3-30. Core Construction 



3*83. To t>etter understand the two reac- It U( well to compare some of their electrical 
tlve componentSf capacitors and Inductors^ ^ characteristics (see figure 3-31). 



CAPACITANCE 


INDUCTANCE 


The property that opposes a change 
In voltage. 


The property that opposes a change In 
current. 


Opposition (X ) varies Inversely 
with frequency. 


Opposition {Xi) varies proportionally 
with frequency. 


Opposition (Xp) varies Inversely 
withC. 


Opposition (X^ ) varies proportionally 
with L. ^ 


Capacitors in parallel^ C^ becomes 
larger. 

■ 


Inductors in parallelf becomes 
smaller. 


Capacitors In series, C^ becomes 
smaller. 


Inductors In serleSf .L^ becomes 
larger. 


Capacitor current leads by 
00 degrees. 


Inductor current lags E^ by 
00 degrees. 


Large current flow to charge C 
opposes voltage changes. 


Large CEMF Induced to oppose 
changes. 



Fiffure 3-31. Reactance Comparison 
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Chapter 4 



TRANSFORMERS 



4*t* Tranaformers are uaed in many dlN 
ferent types of circuits. Their use depends 
on the circuit configuration* No matter how 
the transformer Is used the basic principles 
of electromagnetic Induction are employed* 

4-2* Electromagnetic Induction* 

4*3* In the previous chapter, inductance 
was discussed and explained. When current 
flowed through a coil of wlre^ aCEMFwas 
produced as the magnetic Held cut the turns 
of the coll* This process of producing a 
voltagSt by an expanding or cotlapslng mag* 
netic fieldt Is called ELECTROMAGNETIC 
INDUCTION* There are three requirements 
for induction; a magnetic field, a conductor 
and relative motion between the field and 
conductor* Relative motion means that either: 
the conductor is moving through the mag* 
netlc field; or the field is moving across 
the conductor* 

4*4* Let us discuss some of the otlier 
terms that we will encounter in dealing with 
inductance. FtgUre 4*1 shows only one con* 
ductor, and the CEMF is Induced in this 
conductor. This is SELF-INDUCTION. Self- 
induction is defined as the process by which 
the magnetic field of a conductor Induces a 
CEMF in the conductor Itself* The symbol 
for self-induction is the same as the symbol 
for inductance; that is the letter "L"* 



4-S* Another type of induction is MUTUAL 
INDUCTION* Mutual induction is defined as 
the action of inducing a voltage in one cir* 
cult by varying the current in some other 
circuit* 

4-6* In figure 4-2^ a second coil is placed 
within the range of the eicpanding and co> 
lapsing field of the first coil* The moving 
magnetic Held around coil A cuts across 
coil B inducing a voltage across colt B 
which causes & current to flow in the volt* 
meter. This effect between two Inductances 
ig called MUTUAL INDUCTION and the 
inductance shared by the two coils is called 
their MUTUAL INDUCTANCE* Two circuits 
so placed that energy is transferred by mag* 
netlc linkage and having no physical connect 
tion between coiis^ is said to be inductively 
coupled* The symbol for mutual inductance 
ig the letter M and the unit of measure la 
the henry (H). 

4*-7* Each time the magnetic field tHiilds 
up or collapsest it cuts across coil B. Here 
we have the three requirements for indue* 
tion: a magnetic fieldf a conductor^ and 
relative motion* The pk,-ise relations of cur* 
rent and voltage In the two windings are such 
that the polarity of the voltage induced in 
coll B will always set up a current^ the 

magnetic field of which will oppose or be 
180 degrees out of phase with the inducing 
field of coll A. If both coils A and B are 






Figure 4-1* Self Induction 



Figure 4-2. Mutual Induction 
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wound In the ganio direction on an Iron corOf 
whenover the top of coU A ig positive the top 
of coll B will he negative. Normally thld phase 
reversal will take place, 

4"6. The unit of measure for Inductance is 
the HENRY. A henry ia defined as: The 
Inductance In a circuit which Induces anEMF 
of one volt when the current Ls changing at a 
rate of one ampere per aecond. The symbol 
for henry Is H, 

4-9, Closely associated with Induction Is 
flux linkage. Flux linkage is defined as the 
Interlocking of magnetic Unes of force; it is 
the number of these flux linkages within a 
coll that determines the Inductance of a colL 

4-10, Figure 4-3 symbolizes flux linkage. 
The colls shown in figure 4-3AhaveasmaUer 
amount of flux linkage than the coils shown in 
figure 4-3B, Notice that few lines of force 
from coil 1 link coll 2 in figure 4-3Af while 
many lines of force from coil 3 link coil 4 
in figure 4-3B, The ratio of the number of 
flux lines that cut a second coU to the total 
number of flux lines that originate in \o 
first coll is called COEFFICTENTOF COUP- 
LING, Coefficient of coupling is explained 
later in this chapter, 

4*11, A transformer Is a device that trans- 
fers electrical energy from one circuit to 
another by electromagnetic induction. The 
energy is always transferred without change 
in frequency but usually involves changes in 
voltage and current. Because transformers 
work on the principle of Inductiont they must 
use a changing current source to supply a 
continuous output, A simple transformer 
consists ot colls of wire placed on some 
type of core. 

4-12, SCHEMATIC SYMBOL, A basic 
transformer symbol looks like tm colls as 
shown in figure 4-4A, The winding that Is 
connected to the source Is called the PRI- 
MARY winding. The winding that supplies 
energy to the load Is called the SECONDARY 
winding, A transformer may have several 
secondary windlngSf figure 4*4B, Frequently^ 
additional connections are made to a trans* 
former winding between the end connections. 




Figure 4-3, Coefficient of Coupling 

These additional connections are called taps^ 
figure 4-4 C* A tap placed at the center of a 
winding is called a center tap^ figure 4-4D, 
The SENSE DOTS ( * ) shown in figure 4-4E 
and 4*4F indicate the ends of the windings 
which have the same polarity at the same 
Instant of time, U sense dots are not used, a 
phase reversal of IfiO^ is assumed* 

NOTE, The phase of the output volt* 
age may be reversed by reversing the 
leads of the primaryorsecondary coil, 

4-13, CORE, Just as an Inductor has 
either an iron core or an air eoret figure 
4-Sp a transformer usually has an air core 
or some form of an iron core. Figure 4-5 
shows the schematic representation. The 
windings are positioned so that the flux 
tines of one Inductor ^uts the other induc- 
tor. The air core transfortoer ,1s com- 
monly used in circuits carrying radio- 
frequency energy. Radio- frequency trans* 
formers also use powdered iron^ brass^ and 
aluminum cores. Transformers used In 
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Figure 4-4. Transformer Schematic Symbols 



low-frequency circuits require a core of low- 
reluctance magnetic material to concentrate 
the field about the windings. This type of 
transformer is caUed an Iron-core trans- 
former; audio and power transformers are 
of the Iron-core type. 

4-14 Transformer Action. For principles 
of transformer acUon, use the simplUied 
diagrams of figure 4-6. The transformer of 
figure 4-6A consists of a 10-turn primary 
winding and a 2'turn secondary winding. The 
ratio of the number of turns In the primary 
to the turns In the secondary is called the 
TURNS RATIO. The turns ratio pertains to 
the step-up or step-down ratio from primary 
to secondary. 



AIR 
CORE 



IRON 
CORE 



CENTER 
TAP 



MULTIPLE 
- SECOHOART 



4-15. U an AC Input is appUed to the pri- 
mary winding and no load IS connected to 
the secondary winding, the primary acts as a 
simple Inductor. The current flowing In the 
primary wlU depend on the ampUtude of the 
appUed voltage and the Inductive reactance 
of the primary. This current produces a 
magnetic field which cuts the primary and 
secondary as It expands and collapses. This 
produces a CEMF In the primary (self- 
inductance)* which nearly equals the appUed 
voltage; and Induces a voltage in the second- 
ary (mutual inductance). The amplitude of 
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Figure 4-5, Core Types 



Figure 4-6. Turns Ratio Consparlson 
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tUo voltaic intlucctl luto each turn of tho 
secondary wUl be identical to tlie CEMF 
produced in oacK turn of tKo primary. 

4^16. With 10 volts applied across ten 
turns^ thei'e will be developed a counter 
EMF of nearly 1 volt per turn* A 2-turn 
secondary will then have an induced volti|j;;e 
of 2 voltd (1 volt per turn)* Thus, a turns 
ratio of 10 (primary) to 2 (secondary) has 
produced a step-down In voltage^ from 10 
volts (primary) to 2 volts (secondary)* Thus, 
the transformer is described as being a 
step-^down transformer* 

4-17. Figure 4-6B shows a transformer 
with a step-up turns ratio of 1:4, An Input 
of 10 volts applied to the primary will pro^ 
duce 40 volts In the secondary. Notice that 
the TURNS ratio equals the VOLTAGE ratio 
in all ca^es. 

We can express this as an equation: 




where: 

" number of turns in the primary* 

^3 = number of turns in the secondary* 

= voltage of the primary* 

= voltage of the secondary* 

4-18* The extent to which magnetic lines of 
the primary cat across the secondary is 
expressed as a COEFFICIENT OF COU- 
PLING* We assumed the transformers in 
figure 4-*6 had a coefficient of coupling of U 
This means that all of the magnetic lines of 
the primary link the secondary* That is, 
100% of the flux lines produced by the pri- 
mary winding cut the secondary winding* A 
coefficient of coupling of ,9 indicates that 
90% of the flux lines produced by the pri- 
mary cut the secondary* A coefficient of 
coupling less than 1 reduces the voltage 
induced in the secondary* 



4-10. Up to now» our dldcusslon of the 
transformer action has boon with no load on 
the secondary^ wo considered induced volt* 
ago only. The polarity of the Induced voltage 
can be determined by the ude of the left- 
hand rule. When a load is connected to the 
secondary winding of a transformer^ cm*- 
rent flows in the secondary* The magnetic 
field produced by current in the secondary 
interacts with the primary field* This inter- 
action is truly mutual inductance^ where both 
primary and secondary currents induce volt- 
ages. The magnetic field produced by second- 
ary current is in direct opposition to the 
primary magnetic field, and cancels some 
of the primary field* This reduces primary 
CEMF, and, as a result, primary current 
increases* Therefore, as secondary current 
increases primary current Increases* 

4-20* Total power available from a trans- 
former secondary must come from the source 
which supplied the primary* Remember, a 
transformer does not generate power» it 
merely transfers power from a primary 
circuit to a secondary circuit* If the trans- 
former is' 100% efficient, total primary power 
equals secondary power* Figure 4- 7A shows a 
100 CI load connected to the secondary* The 
transformer has a step-up turns ratio of 
1:10* Ten volts applied to the primary will 
produce 100 volts in the secondary* Current 
through the lOO^load will be 1 amp* Power 
consumed in the load is (1 x £ ^ P) 100 
watts* This power must come from the 
source* The source must supply 10 amps 
at 10 volts (1 X £ = P) or 100 watts* Notice 
that we have a step-up in voltage (1:10) 
and a step-down in current (10:1)* Power 
supplied to the LOAD comes from the 
SOURC£, and we have no losses in the cou- 
pling* This transformer is 100% efficient 
because output power equals input power* 

4-21. Refer to figure 4-7B* The trans- 
former has a step-down turns ratio of 5:1* 
Fifty volts applied to the primary will induce 
10 volts In the secondary* if we use a 10^^ 
load connected to the secondary, we will 
have 1 amp of current (Ig « — ) and power 

^s 

consumed by the load is lOwatts ( P - 1 x £)* 
Now the source must supply 10 watts of 
power* With 50 volts> the current needed 
to provide this power is: 
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where: 



I 



E 1 
E 1 



current In the secondary. 



current in the primary* 



Recall the axiom which states that "quantl* 
ties equal to the same thing, are equal to 
each other." We can, therefore, use the above 
equation In three forms: 
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4*23. IMPEDANCE. In general, AC cir- 
cuits cor^ist of resistance and reactance. 
The lumped sum of these oppositions to AC 
current is called IMPEDANCE (Z). Because 
impedance is opposition to current flow, 
impedance Is measured In Ohms (^). As 
the secondary impedance (Z^) changes, the 
secondary current (I3) changes. As explained 
earlier, a change in I3 causes a change In 
primary current (Ip). Ohm's law shows that 
this effects primary impedance (Zp). Ep s 
Ip X Zp. Therefore, a change In Z3 will 
cause a change In Zp. This action is called 
REFLECTED impedance. The following for* 
mulas show the inter*actlon between the 
source and the load: 



1 ■ amp (0.2 arop) 

9 



4-22, Notice that we have a step-down in 
voltage but a step-up in current. The cur* 
rent is increased by the same ratio as the 
voltage decrease. Again, our calculations 
assume a 100% efficient transformer. To 
our tums-vottage ratio / N E \ we can 
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actd a current ratio: 



4-24. Practical t ransfor me rs, although 
highly efficient, are not perfect devices. 
They range from 80 to 98 percent efficient. 
Primary power must be slightly greater 
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than ftocondary powor to offset the docrease 
in offlciency* The loflsea aflsoclatod with 
transformers are the eame as the losses 
for Inductors. Efficiency can be computed 
by dividing tratisformor output power by 
input power. 

4-2S. Types of Transformers. In general, 
we have four types of transformers: auto- 
transformers, power transformers, audio 
transformers, and RF transformers. 

4-26. The autotr? isformer is a special 
type of transform ^sr. By definition, it is a 
transformer with a single winding (elec^ 
trically) which is tapped. The whol« winding 
may be used hs the primary and part as a 
secondary (step-down) or part of the winding 
may be used as the primary and all of the 
winding used as the secondary (step-up). 
Figure 4-8 shows the symbol and several 
possible connections. Notice, in all cases, 
that a complete DC circuit exists between 
primary and secondary. 



Figure 4-0. Power Transformer 



4-29. The audio transformer resembles a 
power transformer in appearance; however, 
it has several internal refinements. The 
core material Is carefully selected and 
special techniques are used to fabricate the 
windings. Audio transformers are designed 
to operate over the audio range of 20-20^000 
Hz. Audio transformers are available with 
multiple primaries and/or secondaries. 

4-30. The RF transformer is used for fre- 
quencies above the audio range. The symbol 
for an alr-^core BF transformer is shown 
in figure 4-10. 



4-27. Autotransformers may be used in 
power circuits, audio circuits, or RF cir- 
cuits. Figure 4-d shows the symbol for 
power and audio autotransformers. The sym- 
bol for an RF autotransformer is the same 
except that it often has an air core. 

4-2d. Power transformers are often con- 
structed with two or more secondary wind- 
ings. Thus* one transformer can provide 
several voltage level outputs. The schematic 
in figure 4-9 is an example of a typical 
power transformer. The secondaries pro- 
vide a wide selection of voltages and cur* 
rents. Power transformers are designed to 
operate on the common power Une fre- 
quencies (SO to 1600 Hz) and to handle 
relatively large amounts of power. 
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Figure 4*8. Autotransformer 



Figure 4-10. RF Transformer 



4-31. Troubleshooting Transformers. There 
are times, when you are troubleshooting a 
system, that you may want to check a trans- 
former for opens or shorts^ or you may 
want to determine whether a transformer 
steps up or steps down the voltage. Let*s 
first see how to check a transformer for 
an open or short. 

4-32. An open winding in a transformer 
is located by connecting an ohmmeter, as 
siiown in figure 4-llA--the otunmeter reads 
infinity. The reading on a good winding 
should be the resistance of the winding* 
Both the primary and secondary windings 
may be checked in this manner* (Observe 
that^ when using the ohmmeter, no power 
is applied and the circuit component is 
isolated*) 
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Figure 4"11. Transformer Malfunctions 



Figure 4-12. Power Transformer 



4"33« The ohmmeter may also be used to 
check for a shorted wlndlngt as shown in 
figure 4-110, However* this method is not 
always accurate* For example, suppose a 
transformer winding has 500 turns and a 
resistance of 2 ohms and 5 turns were shorted 
out« This would reduce the resistance of the 
winding to 1,98 ohms-^^not enough difference 
to be read on an ohmmeter. The best way to 
check the transformer for shorted windings 
is to apply the rated Input voltage to the 
primary and measure the output voltage of 
the secondary* If the output voltage is low^ 
you can assume that the transformer has 
some shorted windings. 

4-34, Earlier in tlds lesson we learned that 
the turns ratio determined whether the volt' 
age was stepped-up or stepped-down and by 
what amount. Let's look at figure 4-12. The 
primary has 110 volts applied* one secondary 
has a 5 volt output while the other secondary 
has a 330 vou output. Assuming a coefficient 
of coupling of l.Ot the turns would be 22 to 1 
for the 5 volt secondary and 1 to 3 for the 
330 volt secondary. Let's further assume 
that the transformer has a 220 turn primary, 
10 turn (5 volt) secondary. The 5 volt wind- 
ing, since it has the least number of turns* 
will have the smallest resistance, and the 
330 volt secondary (with 660 turns) will have 
the largest resistance. This shows how you 
can use resistance readings to determine 
whether a transformer has a step-up or 
step-down turns ratio. In a step-down trans- 
former^ the resistance of the secondary will 
be less than that of the primary. In a step-up 
transformer, the secondary will have the 
higher resistance, 

4-35, Another way to determine whether a 
transformer has a step-up or step-down 
turns ratio Is to apply a voltage to the 



primary and measure the output of the 
secondary. When checking a transformer 
in this manner, be sure that you do not 
apply voltages that exceed the rating of the 
transformer or of the meter* Figure 4-13A 
shows a transformer with a 10 volt input 
and a 50 volt output. This indicates that 
the transformer has a step-up ratio of 1 
to 5. Figure 4-13B shows a transformer 
with 10 volts applied to the primary and a 
voltmeter reading of 2 volts across the 
secondary^ indicating a 5 to 1 step-down 
transformer. 
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Figure 4-13. Step-up and Step-down 
Transformers 
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Chaptor tS 



EtECTROMECHANlCAt DEVICES 



S-^K Electromechanical devices are devices 
that use electromagnetiam to operate* One of 
the simplest devices that falls In this group 
Is the relay. Relays use the magnetic effect 
produced when a current Is applied to a coil 
to attract an Iron bar. This Iron baropens or 
closes other circuits. The electromechanical 
devices which will be explained In this chapter 
are: relays, microphones* speakers* meter 
movements* motors* and generators* 

5*2* Electromagnetic Relay* 

5"3* While relays are made In many dif- 
ferent sizes ajtd shapes and are used for many 
different purposes* all electromagnetic relays 
operate on the principle that Iron Is attracted 
to a pole of anelectromagnet*A relay consists 
essentially of a coll with an Iron core and 
movable Iron bar* When current flows In the 
collp elect romagnetistn pulls the movablebar 
toward the core* The movement of the bar 
opens or closes a clrcutt*The relayls usually 
referred to as a remote control switch because 
It can control the operation of other circuits 
without being in the same area* 

5-4* Figure 5-1 shows a basic relay atid 
relay circuit* The relay itself consists of five 
main parts: core* coll^ armature* contacts* 
and spring* When switch S Is closed, current 
flows through the coll and causes a strong 
magnetic field to be set up around the coiL This 




Figure 5-1* Relay Circuit 



magnetic field P^IL^ the armature toward the 
core of the coll» causing the contact points to 
close; this completes a path for current In the 
lamp circuit* Closing the relay circuit controls 
the lamp circuit* and the lamp glows* When 
switch S ig opened^ the field abouttheelecto-^ 
magnet collapses; the spring pulls the arma- 
ture contacts apart andthe lamp circuit opens* 

5-5* Electromagnetic relays may be repre- 
sented by a schematic cttagram, rather than 
the pictorial illustration of mechanical com- 
ponents used lnflgure5-l* Figure 5*2A shows 
a single pole^ single throw <SPST) relay with 
the contacts in the normally open (RC^lposl- 
tlon. When current flows through the coll, the 
contacts doso* Figure 5-26 shows a SPST 
relay with the contacts normally clcsed (N* C ) 
When current fiows through the coil, the con- 
tacts open. Figure 5-2 C shows a single pole^ 
double throw <SPDT} relay* This type of relay 
Is used to transfer a circuit function from 
one condition to another condition. 

5-6* Note the relays shown In figure 5-2 
are In the deenerglzed position^ no current 
Is flowing through the coil* In all schematic 
diagrams the relays are deenerglzed unless 
otherwise stated* 

5-7* Relay Circuits* 
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Figure 5-2* Relay Symbols 
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5*8* Holding Kolay* Figure 5*3 shows a 
holding relay circuit. The closing of switch 
S2 win permit current to flow in coil C* The 
contact arm (which contains Iron) will be 
attracted toward the upper end of ttie elec- 
troma^et^ thus closing the circuit at A* This 
permits a complete path for current In coil 
C and In the lamp circuit. The limip will glow. 
Now opening the switch S2 will not open the 
coil or lamp circuit* In order to do this, 
switch SI must be opened. This Is the action 
of a HOLDING RELAY, 

5*9, Remote Control or Starting Relay. A 
common use of the relay Is in an automobile 
starter circuit. The ignition switch on the 
instrument panel activates a relay whlch^ 
upon closing, permits high current to flow 
in the starter motor circuit. The starter 
armature rotates and by a gear arrangement 
rotates the crankshaft. Figure 5-4 shows the 
switching arrangement, 

5-10, When the ignition switch closes the 
relay coil circuity current flows in the coil. 
The many turns of wire that form the coil 
offer enough resistance to limit the current 
to a fraction of an ampere even though the 
coil is connected directly across the battery. 
This current causes an electromagnetic force 
which pulls the iron bar B toward the coil 
and closes the starter motor circuit. Note 
that the conductors in this circuit are shorty 
heavy cables. The large size of the cables 
and their short length decreases the PR loss. 
The expense and weight of a starter circuit 
which routes the heavy current through the 
swltcti on the instrument panel Is prohibi- 
tive, A small current in the relay coil circuit 
can control a very large currentin the starter 
circuit. 
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Figure 5*4. Starter Relay 



5*11, Overload Relay. Another application 
of an electromagnetic relay is its use as a 
protective device, similar to a fuse., Refer 
to figure 5-5, When switch S is closed^ 
current flows through the relay coll and 
load resistor (R^^)* Let us assume normal 
circuit current is 10 niA* Let us also assume 
the relay requires 20 mA of current to flow 
through the coil before it will energize. 
Suppose the load resistor partially shorts 
out causing the circuit current to exceed 
20 mA, As soon as 20 mA of current flows 
through the relay coil, the relay will ener- 
gize and interrupt the path for current. 
Once energlzedf the latch will lock in the 
open position. After the trouble has been 
corrected^ the reset button can be pushed 
to unlock the armature. It then returns to 
its N,C, position. The action of the relay 
described here is that of an OVERLOAD 
relay with manual reset. Mere elaborate 
overload relay circuits often use an auto- 
matic reset feature, 

5-12. In electronic systems many differ- 
ent types of relays are used. Not all of 
them^ by any means, are employed for 
remote control switching. Regardless of 
their purpose^ the principle of operation is 
the same: A current through a coil creates 
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Figure 5-3. Holding Relay 



Figure 5-5, Overload Relay 
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Figure 5-6, Permanent Magnet Speaker 

an electromagnet which causes the move- 
ment of an Iron bar. This movement of the 
bar causes another circuit to close or open, 

5^13, Care Of Relays, A relay should be 
inspected and checked thoroughly and fre- 
quently to Insure troublefree operation. 
Make a visual check of the contacts using 
a magnifying glass. If the Inspection reveals 
an oxide coating or carbon deposit, use a 
relay burnishing tool to ^e the contacts 
cleaa. Never file the contacts. Check arma- 
ture spring tension* A weak spring or 
Improper adjustment of spring tension could 
cause the relay to chatter. Check the relay 
coil for signs of overtieating, A partially 
shoried coil could cause chatter, htim, or 
reduced magnetic ptilllng power. An open 
coil would result In the relay's failure to 
energise. When In doubt as to the electrical 
continuity of the coil, check Its resistance 
with an ohmmeter and compare measured 
reading against the manufacturer's speci- 
fied value. Following good preventive main* 
tenance techniques will assure relay 
reliability, 

5-^14, Loudspeakers, 

5-^15, The loudspeaker is a device which 
converts electrical energy to sound energy 
(sound waveaX They will be found In radios, 
televisions, stereos, public address sys- 
tems, and other places. Loudspeakers of 
various types and with different design 
characteristics are used in a variety of 
applications. 




Figure 5-7, Electromagnetic Speaker 

5-16, Dynamic Loudspeaker, The speaker 
most commonly used in present day radio 
receivers and phonographs is the permanent* 
magnet dynamic (or moving coil) speaker. 
The permanent-magnet dynamic speaker is 
referred to as a PM speaker, 

5*17, The dynamic speaker in figure 5-6 
uses a small coil, called the voice coil, 
wound on a cylinder of bakelite or fiber 
material. The voice coil is mounted so that 
it is able to move t>ack and forih. The voice 
coil is centered around the pole piece by a 
very flexible, springy material called a 
spider. The spider is also attached directly 
to the paper cone. Audio frequency varia^ 
tlons of current passing throuefh the voice 
coil produce a varying magnetic field whlca 
interacts ^th the magnetic field of the 
speaker magnet. The Interaction of the mag^ 
netic fields cause motion of the voice coU, 
Since the speaker cone is directly connected 
to the voice coil, its motion corresponds to 
that of the voice coil. This movement will 
disturb the air and produce sound waves 
directly related to the audio signals applied 
to the voice coil, 

5-lS, The electromagnetic dynamic loud^ 
speaker is the same as the permanent^ 
magnet dynamic loudspeaker except the 
permanent -magnet Is replaced ^th aneiec 
tromagnet (field coil]^ as shown in figure 
5-7, 

5-10, To achieve good tonal quality the 
loudspeaker must have a good frequency 
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respoEUJO* It nmut reproduce all frequencies 
in the audio r^nge* Some of the factors which 
affect the frequency response are the cone 
size, material, shape, and enclosure* 

5^20, Earphones* The operation of the ear- 
phone causes a diaphragm of metal, paper, 
or fiber to vibrate at an audio frequency 
rate and produce sound. The earphone shown 
In figure 5-B shows Uow a diaphragm is made 
to vibrate. The phone comprises a horseshoe* 
shaped permanent magnet with two pole 
pieces as shown In figure 5-BA. Two coils, 
a vibrating metal diaphragm, andanenclo* 
sure complete the earphone, A cross* 
sectional view is shown in figure 5-BB. 

5-2U With no current in the coils, the 
magnetic field between the poles holds the 




H S 

A. Permanent Magnet with Pole Pieces 



DIAPHRAGM 









n 












Tl 










1 



AUDIO 
INPUT 



COILS 



B* Basic Design of Earphone 



Figure 5-B, Earphone 
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metal diaphragm in the position shown by the 
solid lino, ^\hen curront passes through 
the coils, it causes a magnetic field which 
aids or opposes the magnetic field of the 
permanent magnet. This increase or 
decrease in the magnetic field varios the 
tension on the diaphragm* An alternating 
current applied to the coils causes the 
diaphragm to vibrate at the frequency of 
the applied current and generate a sound wave, 

5-22, Microphones, 

5-23. There are many different types of 
microphones, Init all have certaincharacter- 
istics in common. They are elect ro^acoustic 
transducers that convert soundenergy (sound 
waves) into electrical energy. 

5-24, The type of microphones or electro- 
acoustic transducers that will be discussed 
are the carbon microphone, the capacitor 
microphone, the crystal microphone, c^- 
namlc microphone, and the velocity r.bbon 
microphone, 

5-25. Carbon Microphones, The carbon 
microphone operates on the principle of vary- 
ing the resistance of granules of powdererl 
carbon by varying the pressure on them, 
^\hen the granules are compressed (close 
together), the electrical resistance de- 
creases. The sound waves strike a metal 
diaphragm, causing it to vibrate at an audio 
rate. The diaphragm is attached to a metal 
pin, as shown in figure 5-9A, This pincomes 
in contact with the carbon granules 
and Causes them to alternately come closer 
together and farther apart. This varying 
resistance causes the current to increase 
and decrease at an audio rate, as shown in 
figure 5-9B, 

5-26. The frequency response for the carbon 
microphone Is poor. The response is good 
for the reproduction of the human voice, 
but is too limited tor good reproduction of 
music. The carbon microphone is inexpensive 
nigged, and highly reliable, 

5-27, Capacitor Microphones. The capacitor 
microphone consists of a metal backing 
plate, with a thin metal diaphragm set close 
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Figure 5-9. Carbon Microphone 

to it, as Shown in figure 5-lOA. The backing 
plate and the diaphragm form the plates of 
a capacitor. The soundwaves cause the dia- 
phragm to vibrate, varying 
Setween It and the plate. These charges in 
spacing cause changes In the capacitance. 
™s changing capacitance s Pljced In a 
series circuit and causes the current to 
change through the resistor, as shown In 
figure 5-lOB. 

5-28. The capacitor microphone has excel- 
lent frequency response andgiveshigh quality 
reproduction to speech and music. However, 
It IS extremely deUcate and can be easily 
damaged by mechanical shock or high- 
Intensity sound waves. 

5-29 crystal Microphone. The crystal 
mlc^phone makes use of the piezoelectric 
effect. Certain crystalUne structures, such 
as quartz and Bochelle salts, generate an 
electrical potential when they are made to 
bend. The polarity and amount of electric 
poteiidal depends upon the direction 
and amount of mechanical pressure. The 
crystal microphone utUizes this potenttal. 
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Figure 5-10. Capacitor Microphone 

5-30. The basis ol the crystal microphone 
is a pair of crystal slabs with foil bonded 
to each side. These are clamped together 
as shown in figure 5-llA. ^gure 5-llB 
shows two pairs of crystal slabs mounted 
in series. The crystals are enclosed In a 
lUtht membrane which protects them from 
dust and moisture. The sound waves cause 
the crystals to vibrate as shown by the dotted 
lines in the figure and produce alternating 
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Figure 5-11. Crystal Microphone 
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curront* T\\iB typo of microphone had an 
excellent frequency rosponsie, iB ruf^ged and 
reliable, and requires no external power. K 
can be made; extremely dmatland la generally 
found In portable dound aystemai 

5*31. Dynamic Microphone. The dynamic 
microphone makes use of the movlng-colL 
principle used In the dynamic loudspeaker. 
Sound waves vibrate the diaphragm and cause 
the movable coll to move In a magnetic field. 
Movement of the coll In the magnetic field 
Induces an alternating current In the coll at 
the frequency of vibration. 

5-32. It will be recalled that the collmotton 
In a dynamic loudspeaker Is produced by 
passing an alternating current through the 
movable voice coll, and that the motion Is 
coupled to a diaphragm which generates 
sound waves. Therefore, many Intercom* 
munications sets use the same device as 
both a loudspeaker and a microphone, with 
the proper connections being made by means 
of a PUSH'TO'TALK button. However, awell 
designed dynamic microphone, as Is lllus* 
trated In figure 5-12, Is not iisable as a 
loudspeaker. 

5'33. Velocity Ribbon Microphone. The 
velocity- ribbon microphone makes use of 
the current produced when a corrugated 
aluminum ribbon suspended In a strong mag- 
netic field Is caused to vibrate. Figure S*13 
Illustrates the construction of auch a 
microphone. 
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Figure 5'13. Velocity Ribbon Microphone 

5'34. The operation of the veloclty^rlbbon 
microphone Is essentially the same as that 
of the dynamic microphone. Sound waves 
cause the aluminum ribbon to vibrate In 
the strong magnetic field and Induces an 
electric current in the ribbon. The ampli- 
tude of the current depends on the velocity 
at which the ribbon moves through the field, 
which varies with the volume of the sound. 

5-35. The veloclty-rlbbon microphone 
is a fairly rugged device which reproduces 
speech and music of good quality and needs 
no external power. It Is highly directional, 
an important advantage where the pick-up 
of surrounding noise is undesirable. 

S-36. Meter Movements and Circuits. 

S-37. Vou already know that meters are 
used to measure electrical quantities. Vou 
have used a multimeter which measures volt- 
age, current, and resistance; its operation 
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depends on the pa^ofige of an electric current 
through It, Vour multimeter movement has 
its circuit designed and the scales calibrated 
to measure various values of the three basic 
electrical units: voltSf ohms^ and amps. 
Three classes of meters use electromag* 
netlsm: movlng*lron meters^ movlng-coU 
meters^ and dynamometers. When current 
flows through a coU^ it produces a magnetic 
field which Is directly proportional to the 
amount of current. The strength of this field 
can be used to Indicate the amount of current 
passing through the colU The movlng-coll 
meter Is the most popular type meter move* 
ment used today. 

S"38, Movlng^Coll Meter, The meter 
movement most oommonlyuaedlnelectronics 
Is the permanent magnet moving coll^ pre- 
ferred because of Its accuracy^ ruggedness, 
and linear scale. In 1882t Arsened'Arsonval» 
using the movlng-coll princlplet developed a 
galvanometer* In 1688f Dr. Edward Weston 
modified the design to make the meter easily 
portable. The basic movement still is refer- 
red to as the d*Arsonval movement, 

S-39, Figure 5->14 Illustrates the component 
units of a permanent magnet movlng-coll 
meter movement. The permanent magnet^ 
which is horsesboe-shapedf is made of a high 
permeability alloy such as alnlco. The perma- 
nent magnet is terminated by pole pieces* 



which arc constructed of soft iron to Inten- 
sify the flux in the required region. The 
moving coll consists of many turns of fine 
copper wire wound around an aluminum 
bobbint positioned In the magnetic field be- 
tween the pole pieces. The current to be 
measured^ or a predetermined portion of It^ 
passes through this coll. This current makes 
an electromagnet which reacts with the 
permanent magnet's lines of force, and the 
bobbin moves. Attached to the aluminum 
bobbin Is a pointer^ and the moving bobbin 
causes the pointer of the meter to move, 
Retaining pins limit needle movement, 

S"40, Due to its own momentum, the pointer 
could oscillate rather than stop at the proper 
position. The movement of the aluminum 
bobbin through the magnetic field however^ 
Induces currents In the bobbin ivhlchproduce 
a torque on the bobbin that opposes the oscil- 
lations. Two spiral springs cause the needle 
of the meter to return to zero when no 
current flows through the moving coll; they 
also provide a path for current into and out 
of the coil. The electromagnet resultlngfrom 
coil current must have the proper polarity 
to deflect the pointer from left to right, 
Reversing the current through the coil sets 
up a reverse polarity* and the needle PEGS 
against the left retaining pin* This can bend 
the needle, whidi will cause incorrect 
readings and permanent damage to the meter. 
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Figure 5-14. Meter Movement 
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S-41. Most movlng-coll meters uaciJ for 
DC meaiiuremcntd tiave a linear scale, with 
equal spaces between the numbers, almilar 
to the one shown In figure S-^ISA. The amount 
of deflection Is directly proportional to the 
amount of current flowing through the coil. 
When the rated current flows through 
the meter, the pointer deflection Is full" 
scale. When half the rated current flowa 
through the coilf the pointer deflection is 
half-'scale, and so on. For examplet point A 
on the scale corresponda to a reading of 1.2^ 
point B reads 6.5, and point C reads 8.8. 
Compare the linear scale to the square-law 
scale shown In figure 5^15B. 

5-42. Figure 5-16 illustrates a moving-coil 
meter movement schematic symbol, when 
current flows through the coilf it rotates 
causing the pointer attached to the coll to 
move across the scale. The amount of cur* 
rent required to move the needle from zero 
to full-scale deflection (FSO) is a measure 
of meter SENSITIVITY. The less current 
required to move a pointer to full'scale 
deflection, the greater the meter sensitivity. 
Meter sensitivity Is expressed in mllUamps 
or mlcroamps. For example. If 50 micro- 
amps of current flowing through the meter 
coU causes full-scale deflection, then 
the sensitivity of the meter movement Is 50 
microamps. Once a meter movement has 
been manufactured with a given sensitivity, 
it cannot be changed. 




A. Linear Scale 

B. Square-law Scale 
Figure 5*15, Meter Scales 




Figure 5-16. Meter Coil 



5-43* A alngle meter movement can be con- 
nected as an ammeter, a voltmeter or, an 
ohmmeter. Each of these, in turn, can have 
multiple ranges of operation. 

5-44. Ammeter. In the ammeter, the movable 
coU has a very low resistance, and the volt- 
age drop across It is small. YOU MUST 
NEVEH USE THIS METER IN A QRCUIT 
WHERE THE CURRENT MAY EXCEEr 
THE METER RANGE. 

5-45, The ran^e of an ammeter may be 
increased by placing a shunt resistance 
In parallel with the moving coU of the meter 
movement. This resistance, R^, In figure 
5-17, allows shunt current, Ig# to bypass 
the meter movement. The following example 
will show how the shunt resistance increases 
the range of the ammeter. 
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Figure 5-17, Current Meter 



S-'46. EXAMPLE: In the meter movement 
of flKuro 5-17, full-scale deflection of the 
ntedle occurs when 2 mAflowslnthe movable 
colU The resistance of the coll Is SO 
ohms. What muBt be the value of Rs to Indl-* 
cate a fuU scale current reading of 20 mA? 



SOLUTION: Since only 2 mA ol current in 
the coll Is needed to cause full-scale defler-* 
tion, 16 mA must be shunted around the coil 
through P3* The voltage drops across the 
meter coll and across the shunt resistor are 
equal since the coll and the shunt are In 
parallel* The voltage drop across the coil 
Is In^Prn across the resistor I5H5* 

Therefore, 



l^P^ . 1 R„ 
s s mm 



K r m m 
s — : — 



Since for full-scale deflection. Is 2 mA, 
Pm Is 50 ohms, and Ig la 18 mA, then, by 
substitution, 

p - J0,002_)i50L = 5,560 
s - 0.018 



5-47* Note that the scale on the meter 
movement shown in figure 5-17 is calibrated 
to read 0 to 20* When the pointer is deflected 
to 20, Is 2 xnA and Is is 18 mA, and 
total current flow is 20 mA* The important 
point to realize Is that only part of the 
total current flows through the moving coil* 
The remaining current flows through the 
shunt resistor* Using this method of dividing 
the current between the moving coll and 
shunt resistor makes It possible to change 
shunt resistors and recalibrate the scale to 
read any value of current* 



6->46* Let's change the range of operation; 
Suppose we want this meter movement to 
mea^iur^ 90 mA* FuU-^acale deflectlonoccurs 
with 2 mA, bo 4d mA must go through the 
shunt* With 50 ohmti resistance, the voltage 
drop across the meter movement le 0*1V; 
this same voltage drop is across the shunt 
which carries 46 mA^ The resistance of the 
shunt, therefore, , ^ . 2.O8 ohms. 
48 mA 



5-49k Observe the difference in resistance 
values of the meter movement and tlie shunt: 
The shunt, which must carry much more 
current) has much less resistance. 

5-50. Keep In mind that full-scale deflec- 
tion occurs with very small current through 
the meter movement* Any greater current 
will damage or destroy the meter movement* 
ALWAYS make sure the ammeter Is con- 
nected in series with the circuit and that 
the current to be measured Is not greater 
than the maximum range that you have 
selected on the meter, 

5-51. Voltmeter. In the voltmeter, the 
movable coll Is connected In series with a 
resistance so that you may connect the 
Instrument directly across a battery or gener- 
ator and yet have only a small current flow 
through the meter. A voltmeter has this very 
high resistance to Umlt current flow from 
the circuit to which It is connected. Youmudt 
exercise care to Insure that you do not apply 
potential differences which exceed the range 
of the meter. 

5-52* You may extend the range of a volt- 
meter by the use of additional series 
resistors. Such additional resistors are called 
multipliers* 

5-53* EXAMPLE: A voltmeter having a 
moving-coil resistance of 50 ohms deflects 
full-scale when 2 mA flows in the coil* Find 
what resistance must be connected In series 
with the coil If the needle is to deflect full- 
scale when 200 volts is applied to the 
voltmeter* 
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Figure 5-18, Voltmeter 

SOLUTION: Since the current is the same in 
the moving coU and the multiplier resistor 
(see figure 5-18), the total resistance of the 
circuit must be: 



ti 200 
^ ^ I " 0.002 



= 100, 000 jQ 



Since the moving coU has a resistance of 50 
ohms, the multiplier (series) resistor must 
have a value of 100,000 - 50 QQ^QSQH, 

5-54, To convert this same meter movement 
to read 10 volts, the series resistance mustbe 
changed to allow full-scale deflection when 
the voltmeter is across a 10-volt potential, 
10 V 

Total R — r = 5000 ohms. Since the meter 

movement has 50 ohms resistance, the se ries 
multiplier wUl be 5000 - 50 =^ 4950 ohms. 

5-55. Consider ^hat would happen If the to- 
volt meter wex^ connected across 200 volts. 
Excessive current would destroy the meter, 
ALWAYS make sure the voltmeter range is 
large enough to protect the meter, 

5-56, Voltmeter Sensitivity, We usually 
express the sensitlvify of avoltmeterinohms 
per volt. The range of the voltmeterinfigure 
5-ie is 200 volts, Tbat is, when 200 volts is 
across the terminals of the voltmeter, the 
needle deflects fully to the right. The total 
resistance of the meter is 100,000 ohms. 
Therefore, the ohms-per-volt ratioorsensi- 

IGO.OOOn 
tivity is — 200 " V ~ " ^^""^ 

Si„ce:-^= amperes, then ^ 



ohms 



volts amperes 



Therefore, If you know the current neces- 
sary for full-scale deflection, you candeter- 
mine the sensitivity of the meter inohmsper 
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Schematic Symbol 
Figure 5-19, Ohmmeter 

volt by finding the reciprocal of this current. 
For example, the voltmeter in figure5-16 
requires 2 mA for full-scale deflection. 
Therefore, Its sensitivity in ohms per volt 

is Q QQ2 ^ 500 ohms per volt* 

5-57, We want to point out that this is not a 
sensitive instrument. An example of asensi- 
tive voltmeter may be found in a popular 
and widely used meter in which the current 
necessary for full-scale deflection is 50 mA, 
The sensitivity of this meter is then: 



1 



50 fxA 



50 X 10 



» 0-02 X 10 ; 



20,000 ohms per volt. 



5-58, The accuracy of a voltmeter is de- 
termined by its sensitivity- Any meter which 
draws current from the circuit LOADS the 
circuit. Such circuit loading, more often 
called voltmeter loading, is undesirable. All 
moving coil meters draw current from the 
circuit under test. The higher thesensitlt'ity, 
the lower the loading effect. The key, then, 
to accurate voltmeter readings is to have a 
voltmeter with a high ohms-per-volt ratio* 
This high ratio indicates a highly sensitive 
meter movement. 

5^59. Ohmmeter. Not only do we use the 
basic meter movement as an ammeter and a 
voltmeter, but we also use it to measure 
resistance. In this case, the instrument is 
called an ohmmeter. 

5-60. The simple ohmmeter circuit of fig- 
ure 5-19 consists of the following elements: 
(1) a source of EMP usually supplied by a 
small dry cell, (2) a basic meter movement 
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^xn* ^ variable realstance Rh (rheofltat) 
for ««roltig th« meter, and (4) ^ 'Ixed 
refllfltance Rf to limit the current flow. 

5-61, If the dry-cell voltage is h5V» and 2 ^ 

mA causes full-scale meter deflec1iO|n# total 

aeries resistance must equal a 750 

2 mA 

ohms. With this resistance and a good bat- 
tery, connecting terminals A and B (figure 
5-19) vrill cause full-scale deflection; this 
brings the needle to the 2ero ohms position 
(figure 5-20), As the battery gets old, It Is 
necessary to adjust (decrease the resist- 
ance) to ZERO the meter. If adjusting the 
meter cannot get the pointer to zero^ you 
may need to replace the battery, 

5-62. To measure the value of a resistor, 
first zero the meter, then place the resistor 
between the terminals A and B, The needle 
will not deflect full-scale, since now there 
ts less current through the meter. As you 
Insert greater and greater resistances, the 
needle will show less and less deflection. 
Finally, an open between terminals A and B 
wtU give no deflection of the needle, 

5*63, The scale of this ohmmeter. Instead 
of being numtjered from left to right as are 
the scales on ammeters and voltmeters. Is 
nimibered from right to left as shown in 
figure 5-20, The scale results from the fact 
that current In a DC circuit with a constant 
applied voltage is Inversely proportional to 
the resistance of the circuit. The scale Is not 
linear nor Is It a square-law scale. 

5-64. Multimeter. Vou have studied the use 
of a multimeter. It combines the voltmeter, 
ohmmeter^ and ammeter circuits by using 
switches. The multimeter uses only one basic 
meter movement. By proper selection of 
multipliers^ shunts^ limiting resistors, and 
batteries, the multimeter can serve as avolt- 
meter, ammeter, or ohmmeter with multiple 
ranges. 




S''6S, It is important to remember that the 
moving coil type of voltmeter uses current 
from the circuit being tested. Placing the 
meter in the circuit cw possibly change 
the measurement. The higher the meter 
sensltivityi the less current drawn and the 
more accurate the reading, 

S-66, Basic Generator Concepts, 

5-67, The requirements for magnetic Induc- 
tion were discussed earlier. They were; a 
conductor, a magnetic field and relative 
motion between the two. Before, the con- 
ductor remained stationary and the mag- 
netic field expanded and collapsed across 
it. In the generator the conductor moves 
through the magnetic field to achieve rela- 
tive motion, 

5-68, Direction of Current Flow, Figure 
5-21 shows ^ conductor moving downward 
through a stationary magnetic field with 
lines of force which Ko from left to right. 
Notice that we now have the three require- 
ments necessary for induction. As the con- 
ductor moves down through the fields the 
field tends to encircle the conductor In a 
counter-clockwise direction. If we use the 
left-hand rule for a conductor, and place our 
fingers in the direction that the field encir- 
cles the conductor, our thumb will point in 
the direction of current flow. This rule, 
applied in figure 5-21^ shows that the cur- 
rent in the conductor Is flowing away from 
us (into the page) and is represented by 
placing an 3C or a f in the center of the 
conductor. 
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Figure 5-20. Ohmmeter Scale 



Figure 5-21. Magnetic Induction 
(Movement Down) 



5-11 



5*00. Now IoVb obaorvo what hnppons when 
wo move tho conductor through the field in 
the opposite direction, as shown In figure 
5-22. Applying the left-hand rule in figure 
5-22, you can £>ee that Unos of force encircle 
the conductor inaclockwlae direction. There- 
fore^ the current Is flowing toward you (out 
of the page); this Is shown by the dot in the 
center of the conductor. From this discussion, 
wc can see that a change in direction of rela- 
tive motion produces a change in the direction 
of current flow In the conductor. 

5-70. Magnitude of Induced Voltage. 

5-71, The amount of the voltage induced 
Into a conductor is dependent on the number 
of lines cut In a certain time (Unes/unlt of 
time). This is determined by four basic 
factors: 

a. The speed of relative motion between 
the field and the conductor. 

b. The strength of the magnetic field. 

c. The length of the conductor within 
the field. 

d. The angle at which the conductor cuts 
the field. 

5-72, If the speed at which the conductor 
cuts the lines of force Is Increased, theforce 
on the free electrons within the conductor 
is greater. This will Increase the Induced 
voltage. 
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5-73. Increaeilng the strength of ttie mag- 
netic field also Incroaacs the force on the 
electrons. The induced voltage Is dlroctly 
proportional to the strength of the field. 

5-74. A long conductor permits the mag- 
netic field to perform more work on the 
free electrons* It «i number of short wires 
are connected In series, their voltages can 
be added. The armature of the generator 
uses this principle. 

5-75. The angle at which the conductor cuts 
the lines of force affects the number of lines 
cut per unit time and, therefore, the amount 
of Induced voltage. The generation of the sine 
wave was explained in an earlier module. 

5-76. Components of a Basic AC Generator. 

5-77. Refer to figure 5-23 which illustrates 
the components of a basic AC generator. 

5-7d. The pole pieces are the two ends of 
the magnet, and the field coll provides the 
magnetic lines of force at the pole pieces. 
The armature rotor Is the part that rotates, 
and It Includes slip rings and windings 
around a core. Not shown is the source of 
mechanical power which causes the arma* 
ture to rotate. The slip rings are two metal 
rings mounted on the armature shaft, one 
ring for each end of the rotating conductor. 
The brushes are stationary contacts which 
ride on the slip rings to pick up the Induced 
current and voltages. 
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Figure 5-22. Magnetic induction 
(Movement Up) 



Figure 5-23. Basic AC Generator 
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Function o( Components* Now that 
you are familiar with the components which 
make up a baitlc AC generator^ let's study 
i^p function of each component* The pole 
pieces provide a path for the magnetic lines 
of force. They have curved faces to spread 
the flux uniformly across the space for the 
armature. In some cases^ these pole pieces 
are permanent magnets; in other cases^ 
electromagnets are used to provide the mag* 
netlc field. The generator is constructed so 
that the pole pieces and generator frame 
form a low-*reluctance path for the magnetic 
field. 
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5*80, The rotating conductor is the winding 
on the armature core. The armature core 
provides a means of mounting and rotating 
the conductor^ as well as providing a low* 
reluctance path between the pole pieces. As 
the conductor rotates in the magnetic field, 
it cuts magnetic lines of force. This action 
induces a voltage in the rotating conductor, 

5-81, The slip rings rotate with the arma* 
ture, while the brushes remain stationary 
and slide over the surface of the slip rings* 
This provides a means of applying the induced 
voltage from* the rotating conductor to a 
stationary external circuit, 

5*82, The external circuit and load pro* 
vide a path in which the induced current 
flows so that useful work can be done* The 
load may consist of any device which con- 
ducts current, such as lamps, motors and 
transformers, 

5-83, Components of aBasicDC Generator, 

5-84. U you study figure 5-24, youwlUnotlce 
that the components of the basic DC generator 
are very similar to those of the basic AC 
generator. The only difference is the use of 
commutator segments rather than slip rings. 
The commutator segments provide a means 
of switching the connections to the external 
circuit each time the voltage induced in the 
armature changes polarity, 

5*85, The pole pieces provide a path for 
the magnetic field* This magnetic field comes 
from either a permanent magnet or an 



Figure 5-24* DC Generator 
{Minimum Induction) 



electromagnet (formed by a field coil wound 
on the pole pieces). The armature provides a 
means of mounting and rotating the con* 
ductor within the magnetic field. The brushes 
provide a means of connecting the rotating 
electrical circuit of the armature with the 
stationary external circuits. Notice that both 
brushes ride on the same commutator; how- 
ever, they are positioned so that they con- 
nect to opposite sides of the commutator. 
Look at the basic DC generator shown in 
figure 5-24 and see what type voltage it 
produces, 

5-86, How DC is Generated, The loop in 
figure 5-24 is shown in a position where 
the conductor Is moving parallel to the 
magnetic field. At this position there is no 
voltage induced in the loop. Notice also that 
the brushes are across the openings be- 
tween the commutator segments at this 
time. As the loop rotates through 60' from 
this position, a maximum voltage is in- 
duced in the conductor causing current to 
flow in the loop from A to B, as shown in 
figure 5*-25, This causes current to flow 
out the left-hand brush, through the load 
in the direction Indicated by the arrow^ and 
back to the right-hand brush. When the loop 
reaches the 180^ position, the Induced volt- 
age again becomes zero* Also« at this time 
the commutator has turned 180' and the 
brushes are across the openings. 
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5-87, As the loop rotates to the 270' posi- 
tion, a RiaxlRiURi voltugo is induced in tho 
loop causing a current flow within the loop 
from B to A, Because the left-hand brush 
is now riding on commutator segment A, 
current will flow out the left*-hand brush, 
thrcnigh the load in the direction Indicated 
by the arrow, and back to the right*hand 
brush. Finally, as the loop continues to the 
360"* position^ the induced voltage again 
returns to zero, 

5-88, Types of Output, From this discussion 
you can see that, although the voltage Induced 
in the loop reverses for every 180' rota* 
tion of the loop, the commutator switches 
the external circuit so that the current 
through the external circuit remains in the 
same direction. The voltage across the load 
is plotted in figure 5*26, When the loop Is 
at 0* (figure 5*24), the voltage across the 
load is zero. When the loop is at 90° 
(figure 5*25)^ the voltage across the load 
is maximu m. At 180^ the voltage again 
becomes terO; At^iO'', me voltage is again 
maximum, and it returns to zero at 360^ 

5*89, The voltage across the load does not 
reverse polarity; however, it varies from 
zero to maximum. This is a pulsating DC 
voltage as the DC output pe riodically 
drops to zero. Let us see how the DC output 
of the generator can be made smoother, 

5*90, In figure 5-27, a second loop has 
been added to the generator. This loop is at 
90' to the original loop. The commutator 
now has four segments. With an armature of 
this type, the induced voltage of one loop 
is at maximum while that in the other loop 
is at zero, U the brushes are positioned 
properly, they will fiirnish the maximum 
voltage to the external circuit during the 
time that each loop is at maximum. The 
output of a two*loop generator looks like 
that shown in figure 5-28, Practical DC 
generators have many loops so the output is 
much smoother. A filter placed across the 
output of the generator can further reduce 
ripple amplitude, 

5*91, Motors 

5-92, A motor Is defined as a device which 
converts electrical energy into mechanical 



energy. The electrical energy develops mag* 
netlc fields which interact and exert a 
mechanical force. Motors come in many 
types and sizes to do all kinds of work. Ail 
motors operate on the same fundamental 
principle. A force is exerted between sta* 
tionary and movat)le magnetic fields* The 
amount and direction of this force, which 
results from interactions of the two magnetic 
fields, determines motor speed anddirectlon 
of rotation. In order to determine theamount 
of force and its direction, the strength and 
polarity of both magnetic fields must be 
known. Motors are normally classified 
according to the voltage or current used (AC 
or DC) and by the methodof motorexcitation. 

5-93, Force Exerted Between Magnetic 
Fields, 

5*94, Recall that acurrent*carryingconduc* 
tor has a magnetic field. Polarity ofthe mag- 
netic field depends upon the direction of the 
current. Figure 5*29 A & B illustrates t he 
magnetic field around a conductor carrying 
current into and out of the page, A cross 
represents current flowing into the page anda 
dot represents currentflowlngoutof the page. 
The field set up by current Qow into the page 
is counterclockwise (COW) and the field set 
up by Current flow out ofthe page is clock- 
wise (CW), Earlier in the course you usedthe 
'left-hand rule" to determine how lines of 
force move around a conductor. This arule 
states: "If you graspacurrent-carrying con- 
ductor in the left hand with the thumbpointing 
in the direction of current flow, the fingers 
will point inthedlrectlonofthe magnetic lines 
of force around the conductor," 

5-95. When a current*carrying Conductor is 
placed between the poles of the magnet as 
shown in figure 5*29A and 5-29B, interaction 
of the magnetic fields forces the conductor 
to move. Figure 5-29A shows the force which 
drives the conductor up and out of the field. 
Note that the magnet'slinesof force belowthe 
conductor are in the same direction as the 
lines of force around the conductor. Recall 
that lines of force in the same direction 
repel each other. This repelling action 
forces the conductor upward. The conductor's 
lines of force above the conductor attract 
the stationary magnetic lines. This adds 
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Figure 5-^25. The Generator 
(MaJdmum Induction) 



Figure 5-27* Two Loop DC Generator 



to the upward force on the conductor* The 
direction of the force Is perpendicular to the 
stationary magnet's field. 

S-d6* Figure S-2dB shows the direction of 
current flow reversed; the direction of the 
force acting upon the conductor IB alao 
reversed. This condition forces the conduc- 
tor to move downward. 
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5-97* Basic Dlrect-Oirrent Motors* 

5-d8* Since we now know how a current- 
carrying conductor moves In a magnetic 
field, our next step is to determine how this 
action applies to a motor* A motor requires 
an Internal turning force, which Is called 
TORQUE* In a motor, the current-carrying 
conductor 19 formed into a coU and placed 
LOOP 2 LOOP 1 OUTPUT 
V 
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Figure 5-^26* Induced Voltage 



Figure 5-28* Output waveform 





CONDUCTOR MOVES UP CONDUCTOR MOVES DOWN 

Figure S-2d* How a Current-'Carrying Conductor Moves In a Magnetic Field 
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on a shaft The coll is frco to rotate within 
the dtatloniiry Qiagnotlc field. The Inter* 
actions of the permanent and rotating mag* 
netlc fields develop the torque whlcU causes 
the shaft tc tunu This torque also turns the 
external load on the motor* 



5-99* Counter- Electromotive Force (CEMF)* 

5->100* The resistance of armature colis Is 
very small^ usually less than 1 ohm* If we 
assume *5 ohm of resistance with 100 volts 
applied, we would expect armature current 
to be 200 amps* This large current could 
destroy the motor. Actually* the armature 
current Is much less than 200 amps due to a 
Voltage Induced In the armature as It moves 
within the magnetic field. This Induced* EMF 
is 160^ out of phase with the EMF applied to 
the armature and Is called counter EMF 
(CBMF)* 

5-101, This Induced voltage can be com* 
pared to the EMF produced Ijy a generator* A 
generator converts mechanical energy into 
electrical energy* using a mechanical force 
to move a conductor* The polarity of the 
Induced EMF Is determined by Len£*s Law 
which may be stated as: "The current 
induced In a moving conductor is in a direc- 
tion that opposes the motion which caused it*" 

5*102* AC Motors. 

5-103. You are already familiar with the 
operation of DC motors which produce a 
torque by the Interaction of two electro* 
magnets* In AC motors the principles of 
rotating magnetic fields are used to produce 
torque* Consider first applying two phase AC 
power to a motor with two stator field wind- 
ings as shown in figure 5-30A* Windings A 
and B are physically placed 90** apart* The 
rotor is a permanent magnet mounted on a 
shaft which is iree to rotate, 

5*104, At time Tl in figure 5<-30B* phase A 
is maximum positive while phase B is zero* 
The magnetic field produced by the stator 
would be as in figure 5-30A, The rotor would 
point its north pole straight up (zerodegrees)* 
At time T2| note that the amplitude and 



polarity of the two phases are the same* This 
would produce a magnetic field as shown In 
figure 5-30C and the rotor would move CW 
to the 46"* position, 

5*105* At time T3| phase A Is zero and 
phase B is maximum positive* The resultant 
magnetic field causes the rotor to move to 
the 90** position as shown In figure 5-'30D* 
At time T4* the amplitude Is the same* but 
the polarity is opposite* The resultant mag^ 
netic field would place the rotor at the 135"^ 
position as shown In figure 5->30E* At time 
T5* phase A is maximum negative and phase 
B is zero* The rotor wiU move to the 160** 
position as shown In figure 5^30F, The rotor 
has now made one half turn with one half 
cycle of the applied AC, This Is called the 
synchronous speed of the motor* The rotor 
follows the rotation of the rotating magnetic 
field set up by the stator windings. This Is 
the basic principle ofallACinductlonmotors, 
The rotor will attempt to follow the rotating 
magnetic field. 

5->106* Two phase power is not a common 
power source* The most common polyphase 
AC power is three phase* The stator wind- 
ings of a three phase motor could be con* 
nected In either a delta or wye conflgUra-> 
tion as shown in figure 5^31, In three phase 
power there Is a 120^ electrical separation 
between the phases. The stator field coils 
are wound to give a physical separation of 
60** between each pair of poles as shown 
in figure 5^32* In actual practice the poles 
are not easily identified as Individual po!e 
pieces because the windings on the stator 
overlap. The rotor is not shown, 

5-107* The primary purpose of any motor 
is to convert electrical energy into mechan- 
ical energy* The rotating magnetic field of 
the stationary windings of AC motors must 
be strong enough to cause mechanical 
motion* This mechanical motion is pro* 
vlded by the rotor (to which gears and other 
mechanical linkages are attached) which fits 
inside the stationary stator* 

5-106. Types of AC Motors* 
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Figure 5-30* AC Motor Principle 
A 




5' 100. Synchronous Motors. The opera* 
tlon shown In figure 5-30 is effectively that 
of a synchronous motor. The permanent 
magnet is replaced with an electromagnet 
rotor, energized by DC. Slip rings and 
brushes are used to make connections for 
the steady current through the rotating 
electromagnet. 

5-tlO. As the AC magnetic field in the 
stator rotates, the DC field rotates to keep 
aligned with it. The speed of the rotating 
field depends on the frequency of the applied 
AC. The synchronous motor cannot operate 
at any speed except that of the rotating 
field. This type motor is used where it is 
Important to maintain constant speed. 

5-Ul. Induction Motor. In the induction 
motor, there are no connections to the 
rotor; It Is a self-contained unit. The induc- 
tion motor derives Its name from the fact 
that currents are induced In the rotor by 
the rotating magnetic field of the stator. 

5-112. The rotor of the Induction motor 
is a laminated cylinder with slots In Its 
surface. The windings In these giots are one 
of two types. The most common is called a 
SQUIRREL'CAGE winding. This winding con* 
sists of heavy copper bars connected to- 
gether at each end by a metal ring. The 
other type of winding contains shorted oolls 
of wire placed in the rotor slots. This type 
of rotor is called a WOUND ROTOR. 



S-lt3. Whether wound or squirrel-cage^ 
the basic principle of operation is the same. 
This motor operates on the transformer 
principle^ with the stator acting as the 
primary winding and the rotor acting as the 
secondary winding. When an alternating cur- 
rent Is applied to the primary of a trans- 
former, a varying magnetic field is estal>- 
tlshed^ which induces a voltage Into the 
secondary winding. The rotating magnetic 
field generated by the stator Induces a volt- 
age In the rotor. When voltage Is induced^ 
current flows and creates a magnetic field. 
Thus, we have a rotor magnetic field which 
Interacts with the stator magnetic field to 
make the rotor rotate. 

5-114. it Is Impossible for the rotor of an 
Induction motor to turn at the same speed 
as the rotating magnetic field. U the speeds 
were the same, no relative motion would 
exist between the two and no induced current 
would result In the rotor. Without the in- 
duced current, a turning force would not be 
exerted on the rotor. The rotor must rotate 
at a speed less than that of the rotating 
magnetic field. 

5-115. SpUt-Phase Motor. Thesplit-phase 
motor is a single-phase induction motor. The 
term split-phase refers to what happens to 
the single-phase input voltage within the 
motor. In order to operate an induction 
motor from one phase the slngle-^phase Input 
is SPLIT by Inserting a capacitor or resis* 
tor In series with one field coll winding. 
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Figure 5-33. SpUt Phase Motor 
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fl-116* Flgiire fl"33 shows one type of split* 
pha^e Induction motor* It uses a combination 
of capacitance^ inductance, and rselstancs to 
develop a rotating field. This type of Induc- 
tion motor is called a capacitor- start type* 
The stator circuit consists of two legs* One 
leg has the main winding, and the other leg 
has the start winding* The windings are 
mechanically spaced at right angles to each 



other* An electrical phase difference between 
the two windings is obtained by connecting a 
capacitor in series with the start winding* 
The result is a 2"phaso magnetic field which 
starts the motor by providing a rotating 
magnetic field as explained for the two phase 
motor* When 60% of full speed Is obtained, 
the start switch opens^ and the motor runs 
using only the main winding* 
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ELECTRONIC PRINCIPLES 
MODULE 11 

This Guidance Package Is designed to guide you through this module of the Electronic 
Principles Course* R contains spedllc Information^ Including references to other resources 
you may stut^^ enabling you to satisfy the learning objectives* 
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OVERVIEW 



AC COMPUTATION AND FREQUENCY SPECTRUM 

U SCOPE: In this module you will stu^r the eharaeterifitles of alternating current Most 
Electronic Equipment has an AC signal a medium to cariy the Intelligence through It and 
is an important component of its transmitting signal, 

2, OBJECTIVES: Upon completion of this module you should be able to satisfy the following 
objectives: 

a* Given waveforms that represent alternating current. Identify their characteristics in 
terms of: 

(1) .cycle ^ ' 

(2) period 

(3) alternation 

(4) amplitude 

b. Given either the effective^ average, peak, or peak-to-peakslne wave voltage and formulaSi 
compute the other values* 

c* Given a pictorial representation of the frequency spectnimi identify the ranges of power, 
radlOi audlOi and microwave frequencies* 

d* Given either the, frequencVi period, or wavelength <A a sine wave and formulaSi compute 
the other values* 



AT THIS POINT, YOU MAY TAKE THE MODULE SELF-CHECK* 

IF YOU DECIDE NOT TO TAKE THE MODULE SELF-CHECK, TURN TO THE NEXT PAGE 
AND PREVIEW THE LIST OF RESOURCES* DO NOT HESITATE TO CONSULT YOUR 
INSTRUCTOR IF YOU HAVE ANY QUESTIONS. 
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LIST OF BESOUIICES 

AC COMPUTATION AND FBEQUENCY SPECTBOM 

To satisfy the objectives of this module, you may choose, according to your training, 
experience, and preferences, any or aU of the following: 

BEADING MATEBIALS: 

Digest 

Adjunct Guide with Student Text' 
A UDIO^ VISUALS 

Television Lesson, Frequency S^ectruoi, TVK 30-204 
Television Lesson, Definition and Analysis of AC, TVK 30-200 



SELECT ONE OF THE BESOUBCES AND BEGIN YOUB STUDY OB TAKE THE MODULE 
SELF-CHECK. CONSULT YOUB INSTBUCTOB IF YOU BEQUIRE ASSISTANCE. 
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AC COMPUTATION AND FBEQUENClf SPECTRUM 

In pnviMB laaaonfl, you studied current which flows In one direction only. Now, you are 
reat^ to take up current which flltemat^y flows in two directions, 

ALTEHNATINQ CUBHENT (AC)- 

Alternating current Is the term applied to current which periodically reverses Its direction* 

The sine wave la the moat common AC waveform* In fact^ the sine wave is so widely used 
that when we think of AC^ we automatically think of the sine wave. Household AC is a sine 
wave. Let us examine an AC sine wave using the figure. 




Notice that the horizontal line divides the sine wave into two equal parts one above the line 
and the other below It Thr^ portion above the line represents the POSITIVE ALTERNATION and 
the portion below the line represents the NEGATIVE ALTERNATION, The sine wave continuously 
changes amplitude and periodically reverses direction* Notice that the wave reaches its majdmum 
swing from zero at 90"* and 270^ Each of these points is called the PEAK of the sine wave. 
When we speak of tne PEAK AMPLrruDE of a sine wave^ we mean the majdmum swing, or the 
height of one of the alternations at its peak. These terms apply to either current or voltage 
and are Important to remember because you will be using them throughout your electronics 
career, 

Next^ letuatake the term: PEAK-to-PEAK. This temii as you can see In the flgurei represents 
the difference in value between the positive and negative peaks of the wave. Of coursCt this is 
equal to twice the peak value; E^j^^pj^ = 2 E^j^ for a sine wave. 

Another useful value for the aine wave is the EFFECTIVE value. The effective value of a sine 
wave Is the amount which produces the same heating effect as an equal amount of DC, Since 
the heating effect of current is proportional to the square of the current, we can calculate the 
effective value by squaring the instantaneous values of all the points on the sine wave^ taking 
the average of these values, and extracting the square root* The effective value is, thus, 
the root of the mean (average)squareoftheae values. This value Is known as the ROOT-MEAN- 
SQUARE^ or rms value, When we speak of household voltage as having a value of 110 vdtSi . 
we mean that It baa an effective or rma value of 1 10 volts. Unless otherwise stated, AC vdtage 
or current Is e;[pressed as the effective value. 
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DiaEST 

A sine wave with a peak amplitude of 1 volt has an effective value of *707 volts* This means 
that a sine wave of voltage whose peak value Is t vtAt will have the same heating effect as 
*707 votts of DC* To find the effective value of a sine wave, multiply the peak value by *707* 

E *707 E , 
eff pk 

The reciprocal of *707 Is 1*414* Therefore^ to find the peak value of a sine wave multiply 
the effective by 1*414: 

Another sine wave value that Is Important to know Is the AVERAGE value. This is the average 
of the Instantaneous values of all points In a SINGLE alternation, (The average of a complete 
sine wave Is zero). 

Refer to the figure; the AVERAGE height of a single alternation Is ,637 times the peak 
value. In other words, E = *637 E , The relationship between the average and effective 
values can be determined mamematlcally and is shown In the following formula: 

E =*9 E ^ 
ave eff 

The reciprocal of ,9 is 1,11, Therefore, the effective voltage is 1*11 times the average 
vdtage: 

E^^ ^ 1,11 E^ ^ 
eff . ave 

The voltage relationships of a sine wave are summarized in the chart below* 
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Alternating current periodically reverses direction* We call two consecutive alternations, 
one positive and one negative, a C7CLE* We often refer to the positive and negative alter- 
nations as HALF-CY^CLES* In describing the sine wave, vte could say that during the positive 
half-cycle It rises from zero to majdmum positive and then returns to zero, and that ^ring 
the negative half-cycle it drops to a maximum negative value and then returns to zero. 
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AlternationB of AC do not happen liuitantaneousty^ they take TIME* The term PERIOD 19 
used to define the time of one cycle of alternating current* Another term having the aame 
meaning as time and period la DURATION* The DURATION of one cycle la one-alxtleth of a 
aecond, or, "One cycle has a PERIOD of orte*8lxtleth of a aecond;" or "One-alxtleth of a 
aecond la the TIME of one cycle*" AU three terma have the aame meaning* 

Alternating currents commonly uaed In aircraft have a period of one four-hundredth of a 
aecond* Thla means that one cy<de takea one four-hundredth of a aecond aikl In one aecond 
there are four hundred complete cyclea. The number of cy<dea In one aecond brlnga up a new 
term - FREQUENCY* The frequency of an AC la the number of cy<dea that occur In one aecond* 
Thla brlnga us to another term - HERTZ. HERTZ la a UNIT OF FREQUENCY EQUAL TO ONE 
CYCLE PER SECOND. Instead of aaylng alxty cyclea per second, we wUl say sixty Herts (Hz). 



I* OHM Hftg > t 




Aa you can aee In the figure, there is a definite relationship between the period of an alter-^ 
natlng current and the frequency of the current* Sine wave B has a period that la one-half 
the period of sine wave A, and a frequency that is twice the frequency of sine wave A. As the 
period for one cy<de becomes Sorter, the frequency Increases or as the frequency increases^ 
the period of one cy<de becomes shorter. 



DIGEST 

Frequencloa ar« daasUled as to tholr usage^ See the following (Igurer 




Wavelength la the distance traveled )yy a wave during the period of one cycle and Is measured 
In metersr Wavelength involves two factors; speed and timer Speed Is the rate of movement or^ 
velocity. Electromagnetic waves move away from a source at a velocity of 300 millloo meters 
per second. Time Is the period of one cyde and is determined tsy the frequency of the wave. 
This is expressed t3y the relationship; 




Tlie symbol for wavelength is the Greek letter Lambda (>Jr It la equal to VELOCIY (V) 
times TIME (t)* Hie formula Is: 

A =vt 

Substituting frequency for tlme^ the wavelength may also be expressed as: 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 



138 



ADJUNCT GUIDE 

AC COMPUTATION AND FREQUENCY SPECTRUM 

INSTRUCTIONS: 

the referenced mateii&le ae directed* 
Return to this guide and answer the (meetlons. 

Check your uiBwere against the answers at thetopotthe next even numbered page following 
the questions. 

If you experience any dliticulty^ contact your instructor. 
Begin the p^ram, 

' A, Turn to Student Text Volume II and read paragraphs 1-1 thru l-ll. Return to this page and 
answer the following questions, 

1* Define the following terms as they apply to a sine wave, 

a. Alternating Current 

b, Peak-*to-Peak Amplitude ■ 

c* Alternation ■ 

d« Peak Amplitude ' 

e* Sine Wave . ^ 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE, 



B, Turn to Student l^xt Volume Hand read paragraphs 1-^12 thru 1-18, Return to this page and 
answer the following questions, 

1* Find the effective valuee for each voltage listed below. 



a. 


20 V^ = 
PP 


— V 




« .354 X V^) 
PP 


b. 


90 V,, = 

av 






= l.U X J 


c. 


100 V =. 

P 


— V 




= .707 X V ) 
P 
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ANSWERS TO A 

a. Alternating Current - Current which periodically reverses Its direction, 

b. Peak-to- Peak Amplitude - The dltterence value between the positive peak value and 
the negative peak value, 

c. Alternation » Varlatlont either positive or negatlvei o( a waveform from zero to 
maximum and back to zero, 

d« Peak Amplitude - Maximum displacement from the zero position of an alternating 
current, 

e, aine Wave - Wave in which the amplitude varies continuously and periodi- 
cally reverses direction, 

U you missed ANY queatlonSf review the material before you continue. 



2, Find the average values for each voltage listed below, 
a. 50Vp = . V^^ (V^^..837xVp) 



3. Find the peak values for each voltage Usied below. 

a. 100 V „ = , V (V a 1.414 x V „) 

en p p en 

b. 20 V„ = . . V (V « .5 X V ) 

PP P P PP 

C. 50V^^ = .Vp (Vp-l.57xVj 



4. Find the peak-to-peak values for each voltage listed below. 

a* 20 V^^ = . . V^;^ =« 2,828 x V^J 

etf PP PP ^ 

70 V ' . . V (V = 3,141 X ) 

av PP PP 

c. 10 V^^- (V =2xVj 

P PP PP P 
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5. In th« chart below aupply the mlaalng values. 



'•ft 






PP 


70.7 V 










90 V 










boo T 










2$ V 



CONTIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 



C. Turn to Student Text Volume U and read paragraphs 1-19 thru 1-33. Return to this page 
and answer the following questions. 

1. Matdi the lettered parts of the graph to their appropriate terms. 




(1) Sine Wave 

(2) cycle 

(3) Positive Half Cycle 

(4) Period 

(5) Negative Half Cycle 

(6) Zero Reference 
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ADJUNCT GUIDE 



ANSWERS TO B 


1. 










99-9 V^jj 






70 7 V 




a* 


31,85 V^^ 




t. 
b. 


9 V 

av 




/» 


7 0*1 V 


3, 


a« 


141,4 V 

P 




b. 


10 V 

P 




c. 


78,9 

P 




a« 


56-56 

PP 




b. 


219,87 

PP 




c* 


PP 



5. 



'eff 








70.7 V 


63.7 7 


100 7 


200 7 


100 7 


90 7 


Ul.l 7 


262 .6? 


262.6 7 


25ti.6 7 


tlOO 7 


800 7 


6.65 7 


7.96 7 


12.5 7 


25 7 



Uyou missed ANY questionst review the material before you contimie. 



2, Define the following terms as they apply to a sine wave, 
a. cycle 
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b. Time 



c. Period 



cL Duration 



e. Frequency 



t Hertz 



g* In*Phaae 



h. Out of Phase 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 



D. Turn to Student Text Volume Iland readparagrapha 1*34 thru 1-40* Return to this page and 
answer the following questions* 

11 
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ANSWERS TO C 
K — ^il .(1) 

. £ . (2) 

C .(3) 

£ . (4) 

h_— (5) 

a . (6) 

2, a, cycle * Two consecutive alternatlonB, one positive and one negative^ forms one 
cycle* 

b. Time * Refers to the time required for one cycle* 

c. ' Period The time of one cycle, 
d* Duration - The time of one cycle* 

e* Frequency - Number of cycles that occur In one second* 
f* Hertz - Unit of frequency equal to one cycle per second* 

g* In-Fhase - When two sine waves of the same frequency passthroughxeroandVeach 
their positive peaks at the same time, they are In-phase* 

b* OutHrf-Pbaaa * When two sine waves of the same frequency DO NOT pass fbrougb 
zero at the same time and DO NOT reach their positive peaks at the same time, 
they are out*of«phase^ 

U you missed ANY questions, review the material before you continue* 



1* Given a pictorial representation of the f^quency spectrum, Identliy the ranges of 
power, audio, radlo^ and microwave frequencies* 



Mm 400M* 



40 Hi 

1 


30btt< 






n 




1 


304 


























if 















CONFIRM YOOB ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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E, Turn to Student Text Vdiume H and md pardgrapba 1-41 thru 1-66* Return to thl0 page 
and answer the following queotiona, 

Ir Compute the period of a sine wave whose frequency is 20 MHz* 

2, Compute the frequency of a sine wave whose period Is 60 /is, 

f ^ Y 

3, Compute the wavelength ( A ) of a wave whose frequency is 3 kHz. 

^ V 

A= Y ■ 

4, Cdmpute the wavelength ( A ) If the time of one cycle is 20 Ms, 

X = 1 3t V » — m 

5* Cdmpute the time If the wavelength is 3 meters, 
t« .MS 

6, Compute the frequency of a sine wave whose wavelength is *05 meters, 

V 

f* ^ Hz 

7. Given either the frequencyt period, or wavelength of a sine wave and formulas^ com* 
pute the other values to complete the chart below. 



PEBIOD 












20 pB 








liOO & 






■ 


l«e tai 

- 



CONFIHM YOUR ANSWERS OK THE NEXT EVEN NUMBERED PAGE. 
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ADJUNCT aUIDE 



I 



ANSWERS TOD 



10 HI 


ao hHi 




M MHi 


tOHi 


M CHi 




3 kHi 1 










1 




1 


1 


1 


1 



POWER 
FHFOOENCV 



U you mlss«d ANY quasUons^ r«vi«w th« material before you continue. 



ANSWERS TO E 



1. 


nR 


— MS 


2. 


.02 


MHz 


3. 


100 


km 


4. 


9 


km 


5. 


.01 


— MS 


6. 


6 


, GHz 


7. 







.FBtlOD 


FSEQQEHCr 


UIVELSIiaTH 


.01 rm 


100 mt 


3 ■ 


20 m 


$0 kRt 


6 ka 




llOO Ht 


7S0 km 


6 


166 kRt 


1.8 ka 



U you missed ANY questions, review the material before you continue. 



YOU MAY STUDY ANOTHER HESOUHCE OH TAKE THE MODULE SELF'CHECK. 
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MODULE SELF-CHECK 
AC COMPUTATION AND FHEQUENCY SPECTHUM 

Quodtlons: 

1* A sine wavo of voltage > ■ 



reverses direction. 



2, A sine wave o( current will reach Its positive 

3, AC makes . . complete reversals per cycle. 



in amplitude ,\ncl 



vAlue Once per cycle. 



4, A sine wave starting at the 0** point reaches 
point. 



S, Match the following from the voltage waveshape showtu 
a, period . . 



amplitude at the 90"* 



b, positive half-cycle 

c, full-cycle , 



d, positive peak amplitude 

e, negative peak voltage — 



f, peak*to-peak amplitude 

g, negative alternatioa 

h, positive alternation ^—^ 




6, Find the peak, effective, and average voltage of each peak to peak voltage listed: 
a, 200 volts 



(1) PEAK 

(2) EFF - 

(3) AVG- 



lOkllOvClts 



(1) PEAK 

(2) EFF- 

(3) AVG- 



7, Find the peak and average voltage of each of the effective^ voltages listed. 



a, llOvdts 

b, 10 kllovolts 



(1) PEAK 

(2) AVG^ 



(1) PEAK 

(2) AVG„ 
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MODULE SELF-CHECK 

8. Find the effectlvo voltage of each of these average values: 

a. 100 volts . 

b. 3 mllUvolta , 

9« Find the number of current reversals for each ol the foUo^ng frequencies: 

a. 60 Hertz , 

b. 400 Hertz 

10, The two main characteristics ol alternating current are 

. . a, constant amplitude and periodic change in direction, 

\ b. periodic amplitude and unidirectional flow, 

' , ^ c* varying amplitude and periodic reversal of direction, 

- d. bidirectional an^>Utude and periodic flow« 

11, The term which represents the difference between the nuudmum positive and majdmum 
negative values of an AC sine wave Is called the 

a« effective value, 

b* peak<-to-peak value* 

c. average value, 

d* RMS value 



12, Which value of AC has the same heating capacity as DC? 
, a. Effective, 

, b. Peak, 

c. Average, 

. d* Peak-to-peak 

13. Another term that can be used to identify the effective value of AC is 

a, peak. 

* 

, . b, peak-to-peak. 

c. average. 

. . d. RMS. 
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MODULE SELF* CHECK 

t4. The term used to Indicate the number of cycles of AC that occur In one second Is called 
tn frequency* 
y* amplitude* 

c* RMS value, 

, „ , ^, reversals* 

15. U the current goes negative at tii? same time that the voltage producing It goes positive, 
the current is said to be 

, , At purely realstlve, 

, , b. In-phajse with the voltage* 

c* leading the voltage tqr 90"*, 

d. 180* out*of-^ptiaae, 

16. Fill In the blank spaces under Column B with the iCrequencies which are Included In 
the frequency bands listed In Column A, 

A B 

DC 

Houaehold Power 

Aircraft Power 

Audio Frequency 

Radio Frequency 

17. Two broad frequency clasaifications which make up the frequency spectrum are 
a* power and radio, 

b, radio and television. 

c, DC and AC, 

d. audio and radio, 

18. The audio^frequency band Includes the 
a* power frequencies 60 and 400 Hz* 

bt UHF frequencies. 

c, VHF frequenciea* 

d. microwave frequencies. 
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19* Which of the frequencies Uated could be included in all of the following bandit; rddlo 
and microwave? 



20kfl£ 
b, 36 kHz 
.c, 360 MHs 
,<1 2000 MHS 



20, To be considered in the microwave categoryt an AC must have a frequency which is over 

...^.a* 100 MHs, 

,b, 300 MHz. 

c, 1000 MHz. 

d* 3000 MHz. 



2K Find the two missing values of wavelength, frequency^ or period: 



FHEQUENOT 

a, SOmegaheris 

b, 

c 



0, ■ - 



WAVELENGTH 



20,000 meters 



2 meters 



f, 50,000 kilocycles 



PEHIOD 



10 microseconds 



25^000 microseconds 



22, Wavelength is the measurement of 



a. time, 

b, time and distance, 

c, distance, 

d. distance and speed. 

23, The wavelength of an electromagnetic wave is determined 1^ its 



a. velocity and frequency. 

b. velocity per second* 

c. frequency and time, 

^d. magnitude. 
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MODULE aELF-CHCCK 
24, To tind the frequency of ah AC when you know Its wave-length, you divide the 
— .iMi-a, velocity by the period of one second, 
-„, „„>. wavelength by the velocity, 

-, f*- velocity by the wavelength, 

29, The formula for finding wavelength Is . 
a, A''^ 
b, ;i = Vf 



— c, A =Y 

26. ElQCtromagnetic waves travel at approximately 
a- 186,000 meters per second. 

b. 186,000 mUes per hour. 

300,000,000 meters per second. 

d. 300,000,000 meters per hour. 

CONFIBM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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ANSWERS TO MODULE SELF-CHECK 








1. continuoudly changes^ periodically 


12. 


a 




2. peak 




13. 












d 




3. 2 


















14. 


a 




4. maximum or peak 














15. 


d 




3. a. 


6 


e. 5 














16. 


OHz 




b. 


3 


2 




60 Hz 










400 Hz 


c. 


6 


g. 4 




20 Hz to 20 kHz 










20 kHz - 300 GHz 




1 


h. 3 














17. 


d 




6. a. 


U) 


100 V 










(2) 


70.7 V 


18. 


a 






(3) 


63.7 V 














19. 


d 




b. 


(1) 


5 lev 










(2) 


3535 V 


20. 


c 






(3) 


3180 V 














21. 


a. 


6 meters .02ms 


7. a. 


(1) 


155.5 V 




b. 


15 kHz 66^9 




(2) 


flfl V 




c. 


100 kHz 3,000 meters 










d. 


150 MHz .0066 MS 


b. 


(1) 


14,140 V 




e. 


40 Hz 7.5 X 10^ meters 




(2) 


flkV 




t. 


6 meters .02 us 


8. a. 


111 V 


22. 


c 




b. 


3.33 mV 














23. 


a 




fi. a. 


120 










b. 


800 




24. 


c 




10. c 






25. 


d 




11. b 






26. 


c 





HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? 

IF NOT, REVIEW THEMATERIALORSTUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER 
ALL QUESTIONS CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER 
GUIDANCE. 
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This Illustrated Progmnned Text 13 designed to .aid In the otudy 
of Alternating Current and the Frequency Spectrum. E;ach page contains 
an Important idea or concept to be understood before proceeding to the 
next. An Illustration for each objective Is presented to clarify what 
Is to be learned. 

At the bottom of each page, there are a few questions to bring out 
the main points. These are Indicated by.... r 
It Is hoped that these questions also aid [q-I 



-1 or Q-2 etc . . 



In understanding the subject a little better.' 

The answers to these questions vdll be found on the tog of a 

following page, Indicated as 

Short ccmnents may follow the 
answers to help understand why 
a question may have been missed. 



A-1 or A-2 etc.. 



INDEX 
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AC In Slow Motion 7 
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Ohm's Law ^8 

Sumnary Quiz 50 

Sunmary 31 



Supercedes SEF-PT-llt 1 February 1975 
Itevious editions may be used. 



OBJECTIVES 

Upon completion of this module* 
you should be able to satisfy 
the following; objectives: 

a. Given waveforms that repre- 
sent alternating current, 
Identify their character- 
istics In terms of: 

(1) cycle 

(2) period 

(3) alternation 

(4) amplitude 

b. Given either the effective, 
average, peak, or peak-to- 
peak sine wave voltage and 
formulas, compute the other 
values . 

c. Given a pictorial represen- 
tation of the frequency spec- 
trum. Identify the ranges of 
power, radio, audio, and 
microwave ft^uencies. 

d. Given either the frequency, 
period, or wavelength of a 
sine wave and formulas, com- 
cute the other values. 
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Tho flow of large quantities of electrons thru a copper wire, 
13 called electrical "current". Direct "current** is the movement 
of these electrons, in only one direction thru the wire. However, 
there are advantages to be gained, if the flow can be easily and 
quickly reversed* 

Turning the battery around, would reverse the direction of the 
electron flow.*., but this lsn*t enoughl The electrons must be made 
to reverse direction, many tifnes each second. Sometimes, many 
millions of tljne£ each second! 

The characteristics of such a rapidly reversing electrical 
current, is the subject of this text. It Is the study of Alternat- 
ing Current. 

It also begins the study of an Jjtportant part of Electronics, 
the Radio Wave. Familiar to all as Radio & Television signals, 
"radio waves" will now be expanded into unfamiliar areas sUch as 
Microwaves and Radar ^ It all begins with 



DC and AC ? 



Wlien an electric cii^cult obtains Its power from a battery. 




v;nen the same circuit obtains its power from bi\ electric outlet 



in a home, the electron flow is called Aitematlnf: Currer;t [AC]. 




bactery powfc;rt;G circuits ore callec C^^rent circuits. 

iiouseii^ld fcilcctric pov:er^ is calle.: " CUrre::t^ 

c* 'ihe Icwtcr actreviatio;: for /vltcniatlno Jurrerx i::^ ^ 
u* --r j^tlt^rlcz ^rovijie fMicriiacii's;; Cui^rent. 
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In a Direct Current CDC] circuit, the electrons always flow 
in One direction . The "hydraulic analogy" shows a pujnp (voltage), 
forcing water to flow (current), thru a "controlllns" valve (resis- 
tance). 




FILLED WITH WATER 



G 



DC HYDRAULIC ANALOGY 



7 



VALVE 



WATER FLOWING 



IN OHE DIRECTION 



In an Alternating Current [AC] circuit, the electron flow 
"alternates". ... it reverses direction back and forth! 

The "hydraulic analogy" differs only in the type of pump used. 
It is a "piston^and-cylinder" arr^an^ement * First, the piston moves 
up, forcing ttie water to flow in one direction. Then the piston 
roves down, and the same water is then forced to flow in the other 
direction. This up-and-<lown motion of the piston, goes on-and-on! 

FILLKD WITH WATER 




PUMP 



c 



AC HYDRAULIC ANALOGY 



7 



VALVE 



WATER REVERSES DIRECTION 
AS THE PISTON MOVES UP AND DOWN 





a * 




In jC Cli^uits, 




currc^nt 


flows 


in 


o:ie 


uii'ection* 




V-F 


In Ac Cit*cuitij, 


thy 


current 


flOVJS 




orie 


Gir^ctior*. 


c. 




1:. uC Cii'cuits, 




currerX 






tv;o 























154 



A-1 a* Direct 


c, AC or ac 


Alternating 


d. False** „only Dlrt^ct Current* 



DC and AC ? 



Does the direction of electron flow liave any effect on the 




The answer Is effect! The lamp Is 'lit" equally, by 

Current flowing In either direction. 

If the effects on the lainp are the same, why have Alternating 
Current [AC] at all? What good Is It? Why not Just use X??? 



The questions are easy. The answers are notl There are many 
reasons for the use of AltematloG Current, Here are sone of then. 




:4CTE; More fully explained when electric GEJ^IERATORS are discussed. 



Q-3 a, T-r The type of current (AC or rC), is ir^ortant to the 
operation of an el^jctric laTip, 

t, T-F It Ic ea3ier to r.erierate Alternating Current t:-an l^C- 
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a* True 
b* Paloc 



PalDe*4**not at tho oame time* 



DC rind AC ? 



c 



THE TRANaHSSION OP DC OVER LONG DISTANCES 
INVOLVES SERIOUS ENERGY LOSSES! 



7 




HEATS THE HOUSE I 

iJOTEi i-tore fully explained durlnr; the subject of "Transformers". 



6 



SPEAKERS OPERATE, USING ALTERNATING CURREOT 



7 




MOTE; >x>re fully explaitvcd under "Mlcropriones and Speakers" 



A-3 a, P'ala(;,.,.the Inmp llRhto equally well on AC or DC, 

b. True the* machinery iz less CCTplex^ and the ''losses" 

are lefla. More details In ^'Mbtorg A CeneratoraV 



DC and AC 7 



^ / RADIO AND TELEVISION WAVES ARE AC 

^^^-^-fi 






NCfTE: *VDre fuliy explained unaer "Wave Propof^atlon", 
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a* DC****arid the losses are '*fantastlc*** The power companies 
started with DC (way baclc)t but the need for AC goon be- 
came apparent* More details in '*Mbtors & Generators'** 



DC and AC ? 

The field of Electronics is deeply involved with the 
production and control of many types of Alternating Currents* 
There Is much to be learned and understood about this new elec- 
tric current I 

FIRST It is ^wt a "steady" current^ like Direct Current* 

r i \!^^'^ 

I The lamp Is brightly/ /E) „ 

"lit" all the tljae*7 ^ Q §^ i^B^ 5 AMPS 



DIRECT CURREWr 




The GalvaDocneter indicates 
a "steady" 5 anperes of 
current I in one direction* 



Alteniating Current would cause the Galvanometer to swing 
back and fortht as the direction of current reversed* 

.5A 



ALTERNATING CURREKT 



ALTERNATING CURREOT 




This '^alternating" or back-and-forth motion of the electrical 
current^ happens many tlnies during ONE SECOND of time* Therefore^ 
it is difficult (or Impossible) for the "eye" to detect any dif-* 
ference between the AC lampt and the DC lamp BUT TKERL isi! ! 
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SLOW MOTION 

An lilectronlc instrument called an Oscilloscope [o»slll-c- 
scope] can "see" the Alternating Current in slowHiiotion* (The 
Oscilloscope will be studied and used, later in training*) 

What is "seen'^ is Interesting! First, the current DOES NOT 
suddenly Juirp rrom 5 amperes in one direction, to 5 amperes in the 
other direction. It ct;anges e??adually ana smoothly. Follow along 
with the flow of Altematlns Current thru lONEl electric lamp 




Remember 1 Ttils reversing of current (and change of brightness) happens 
many tiines EACH SECOND* It is very difficult Itor the "eye" to see those 
changes* The la^np appears to be, lit, "steady" like with DC, 



ERLC 



ALTERNATIONS 

Each "rise-and-fSall" of current is called an ALTERNATION* 
Call-ter-nay-shun] 



THIS IS A POSITIVE ALTERNATION 




THIS IS A NEGATIVE ALTERNATION 




Alternating Current EAC] then, consists of a '^positive" 
alternation, follovied by a **nesative** alternation, followed by 
anottier *'positive" alternation, followed by another ^'negative" 
alternation, etc*,.* 

Although there are many alternations each second, each 
alternation takes a certain amount of time to complete. 

For example In a house, there are 120 alternations cc?;:pleted 

each secor^ 60 **posltlve" and 60 '*negatlve'^ 

Q-5 a* Each "rise-and-fall'* of current is called an 

b. Each "positive*' alternation, is followed by a 

alterr.ation. 

c* T-P Positive altcnTiations and ne^^ative alterr.atlons 
occur at the same moment of time. 

During each alternation, the electron flow is in 

directions * 
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CYCLES 

One "positive*^ alternation, followed by one "negative" 
alternation, Is called one CYCl£. 




Alternating Current [AC] then^ consists of one "cycle*' after 
another. 

Although there are many "cycles" completed each second^ each 
cycle takes a certain anxDUnt of tlnie to complete. In a house ^ 
there are 60 "cycles" completed each second. Therefore, cotnnercial 
electric power is said to be "60 cycle AC", 

Of course I if there are 60 cycles completed each seconi, each 
cycle must take 1/60 of a second to complete. 



n-6 a. One "cycle" ca^.sists of alternations, 

b, One "positive" alternation^ followed by one "negative* 
alternation, is called one , 

c, T-F Tnere are usually nany "cycles" completed each 
second, 

d, T-r Positive alternations and negative alternations 
occur at the saT.e trionent of tt^. 
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A-5 a, alternation 
b. "negative" 

c* Pal3e#*#,not at the same moment of time* They follow 
along, one after another* 

opposite but current In either direction vdll "shock" 

an equal amount • 



FBEQUEMCY 

In Alternating Current [AC] circuits, there are usually many 
**cycles" completed each second. The number of cycles conpleted each 
second, is called the "frequency" (Symbol f) of the Alternating Cur- 
rent [AC], I 

/r\ / number of "cycles"^ 
J^A€JmCMk^tM It ) — / Alternating Current / 
gr^^yr^^^^^^^ ^ * f conplete d in ONE second*/ 

E>1AMPI£S : Conmercial electric power, has a frequency (f) of 6o 
cycles per second (cps or CPS) f = 60 cps* 

On the European continent, comnercial electric power 

has a frequency (f) of 50 cycles per second*,,, f * 50 cps 

tj ERTZ 

The International unit of "frequency" is the Kertz (Symbol Hz), 
It is equal to "one cycle per second". Also "hertz" (Symbol hz), 

EXAMPUES : Conmercial electric power, has a frequency (f) of 
60 Hertz (Hz) f » 60 Hz, or f = 6o hz 

On the European continent, conmercial electric power 

has a frequency (f) of 50 Hertz (Hz) f » 50 Kz (or hz) 

Although "Hertz" has been adopted as the standard, cycles-per- 

second vdll also be used in this text, because it Is **still around"* 



Q-7 a* The number of cycles conpleted each second is called the 
of the Alternating Current. 

b, 200 cpG, or 2Cn i:z, ineans t;:ere are 200 completed 

each second, 

c. The International Unit of Frequency 1g the C:iz), 
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^'^^ a. two one positive, and one negative- 
fa * Cycle* 

c, Truc.tflometlinefl "mllllono" of cycles In one second* 

d, F^8e**.lf you missed it thiij time, try this. Can a 
TO-TO go "up*' and "down" at the Bame moment of time? 

AUDIO FREQUENCIES 

When Alternating Current CAC3 Is applied to an electric speaker, 
different sounds are heard* It depends upon the frequency . 

At a frequency of one hert2 (1 hz), the "cone" of the speaker 
Is movlns back*and-forth too slowly for any sound to be heard* If the 
frequency Is raised to about 20 cycles per second, a very low "rumble" 
begins* At about 50 Kertz, It becomes a low "huntnlng" sound* As the 
frequency is raised still furthur, different "tones" are heard, as 



pictured below* PIANO KEYBOARD (Frequencies in CPS) 




However, some animals inay respond to higher frequencies, such as the 
'^silent" dog-whistle* 



AUDIO FREQUENCIES then, are described as those from a low of 
about 20 hein:z, to a high of about 20,000 Hertz, (human tiearing) 



a. If "souryi" is heard v:hen an Altematiru:: Current is applieii 

to a speaker, the current is said to be at an 

freouency, 



11 



163 



A-7 



a. frequency 
b* cycles 
c* Hertz 



ERIC 



ULTRASONIC FT^BQUENCIES 

Above the range of "hearir,3*\ there are aound waves which are 
used for many purposes today. They are referred to as "ultrasonic 
free; jencies". 

Electric speakers cannot nonnally be used, because the "Vibra- 
tions" are too fast. Special devices, many of them using the mineral 
"quartz*^, are used instead » These are called "ultrasonic transducers", 
Because of tlielr special construction, they are capable of converting 
these high frequency alternating currents, into **lnaudible" sound 
waves* One such device is the "Ultrasonic Cleaner", described below* 

CLEANII^iG TANK 



QUARTZ TRANSDUCER, 



ELECTRONIC 
AC GENEEWTOR 



80,000 Hz I 
^ 



ULTRASOraC VIBRATIONS 



Other uses for "ultrasonic- 
frequencies" are; 



CLEANING 

'soumoN 



Millions of tiny bubbles" , 
created by the ultrasonic 
vibrations, microscopically 
"scrub" a delicate device* 



Ultrasonic X-Ray, without the normal "radiation" hazards* 
Ultrasonic "Sonar" equlpnent, for underwater detection* 
Ultrasonic heating, used in wood "lamination" processes* 
Jltrasonlc dental equipr^nt, cliir^lnatin? drill "vibrations'"* 
■Jltrasonlc "Intrusion alarms", for property protection* 

ULTRASONIC FRKQIEXIES tlien, ran^je from about 20,000 Hertz, 

up to several million hertz, depending upon the application* 



Ci-9 a* T-F Ultrasonic frequerxicr> can be heani* 
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a* "audio" the "rlslng-and-f ailing" of the alternating 

current, caused the paper **cone" of the speaker to vibrate* 
The vibrations of the "cone" cauae the air to ''vibrate" 
also* These changea of air "pressure" are then detected 
by the ear "drum" and sensed as sound* 



Radio, Television, Microwave, and Radar equipment. Involves 
the use of ft^uencles MUCH higher than "audio" or "ultrasonic"* 
The ft^uencles within these types of equipment, are measured In 
"thousaxKls", "millions", or ''billions** of cycles per second. 

It Is difficult to irragine electric current reversing direct- 
Ion **mllllons" of tljnes In one second. However^ this Is happening 
Inside the Electronic circuits of a standard television set. 

/, 000 I KiLo-HBm: / /O*' 

One thousand cycles per second Is represented as 1 Kilo cycle 

per second. (1 Kcps, or 1 KC, or 1 KHz, or 1 Khz, or 1 kHz) 

2 KHz would equal 2^000 cycles per second. 
20 KC wuld equal 20,000 cycles per second* 



.+6 



1,000,000 / MEGA-HERTZ / /O 

One million cycles per second Is represented as 1 I^fega cycle 

per second. (1 Mcps, or 1 MC^ or 1 t^ttiz, or 1 Mhz) 

5 would equal 5,000,000 cycles per second. 
500 ;ic would equal 500,000,000 cycles per second. 
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/, 000, OOOy 000 / GIGA-HEKTZ / 

One billion cycles per secona Is represented as 1 Glga cycle 

per second* (1 Gcps, or 1 GC, or 1 Gliz, or 1 Ghz) 

10 GHz would equal 10^000,000,000 cycles per st.-cond* 
UOO GC would equal 1400^000^000,000 cycles per secoTid. 

jWTE; 1 Glga Hertz fonr^ly was identified as 1 Kilo Mega Cycle or 
1 iC'iC* 5 GHz was 5KMC^ 100 GHz was 100 KI^^, etc. 
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A-^S a. False. *.*the ear drum cannot "vibrate" that fast, and al» 
though the "sound" is there, It cannot be heard, 
b* False. ...they are "sound" waves* (See above answer) 



RADIO FHKQLfHUCIES 

In I88y, at the oge of ^tclnrlch Hertz demonstrated a 
method of "tranomittlf^" ana "r^trculvlng" the waves generated by 
an electric spark* By at age 22, Gugllelno Marconi had 

improved and patented the equipment, and extended ItD **radlo range" 
to about 63 tnlles* 

One of the *'keys" to !'!arconl's succesGi was tda unuerstanalng 
of tlie Ijrportance of the ^'length'' of the antenna wire* High fre- 
quency alternating currents^ flowing back-and-forth on a copper 
wire of proper length, will produce "radio A-aves'* . 




COPPER 
WIRE 



AC 



Those hli'ji frequencies are referred to as Raalo Frequencies. 
Usually shortened to "KF" or *Vf", these Radio Frt.'qucncies are 
divided Into several "bands". The equlpnent construction, antenna 
requirerr^nts , and "radiation" characteristics change, fron "fcand" 
to "band", as the number of cycles per second increases. 



Below4-30KHz 
^ ^ 

VLF BAND 



3OOKHZ 3MHz 30MHz 30OMH2 30Hz 30GHz 300Ghz 



LF BAND 



MP BAND 



HP BAND 



VHF BAND 



o o 
«; 3: 



UHF BAND 



SKF BAND 



EHF BAND 




ICS 



lit 



Radio waves Ifi the Very Low Fretluency tliind (VLP), travel groat 
distances over both land and water. The first uses Cov radio wavco 
In thlfl band, were for tranooceanlc, and longnJlatance marltline com- 
munications* Although some world-wide contnunlcatlona may still be 
made in this band, many of theae needs are now filled by orbiting 
connunlcatlon3 satellites. The antenna wires needed for this band 
may be several thousand meters long. 




LF BAUD (30 KHz to 300 XH;s) 



Padlo waves In the Low Frequency Band (LF), also travel great 
distances over water and land. The main use for these frequencies 
Is for aircraft and surface craft CsMp) navigational aids. By 
using special electronic equipr^nt, ships and planes can locate 
their positions, with fair accuracy, r'any of these navigational 
systems now use satellite signals, for g^r^ater accuracy. The 
frequencies from ItOtQiz to 200Kh2 are used in trie European region 
for broadcasting to distant rural areas. The antenna v;ires needed 
in this band nay be several hundred meters lone* 
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MP BAND ilOomz to 3MHs C300OKlts]) 



Radio waves In the Itedlum Proquency Band ([^) are used for 
many purposes* Perhaps the most comnonly knowHi is AT*! Broadcast 
Radio (AM Radio)* The International frequency allocation for ^M 
Radio ia from 535KHz up thru l605Kh2, with thousands of such 
stations operating within the United States. l600KHz to 2000Kliz 
(l,8*<Hz to 2KHz) is authorized for Loran Navigational Systems, used 
for position information to ships and aircraft, '*Inertial'* or 
'^satellite" navigational systems are now more comnon than Loran, 
2000KKZ to 3500KHZ (2Miz to 3*5MH2) Is widely used by maritime and 
Coast Guard services, for ship-to-shore conmunicationa* The Inter- 
national ''calling and aistress*/ frequency of 2192KH2 is also in this 
band* Antenna lengths in this band are measured in "tens^* of meters* 
**S-0*S^^ distress calls by Morse Code are Gent at SOOKHz, in this band. 




Radio waves in the High Frequency Band (HF) travel hundreds of 
miles* When atmospheric conditions are right, the distances may be 
several thousand miles* Ihis band is probably best known as the 
**ShDrt Wave*' band. It contains the Overseas Broadcasting Stations 
(Voice of America, the 33C, etc*). Amateur Radio Service (Ham Radio), 
and News wire Services (AP, UPI, etc*)* Many of these radio waves 
carry '*code", radioteletype, and facsimile (picture) signals* This 
band is quite crotKledl with radio sifgials* Often there is more than 
one station on the same frequency, creating interference with each 
other* Citizens Eand Radio is also vdthin this band, at about ^7^!Hz* 
The ifetional Bureau of Standards operates a special station (WWV), 
at 2,5;^* 5'iH2* la^lbz^ 15MHz^ 2Miz* and 25:^IH2, These radio waves 
carry frequency, tine, and other "standards" used lAp-orldWlde for mny 
purposes. The antenna lengths in this band are measured in raters. 



/// /// 



X 



BBC 




1G8 

16 



VHP PANT) (SCX'^t^la to 3OOMH2) 



Radio waves In tho Very Hlgti Frequency Band (VliF) travel rel- 
atively short dlstaricea* Generally line-of-alGht , or horlzon-to- 
torlzon. Televlrsion channels 2 thru 6 (5'*MHz to BS'^Hz), FM and FW 
Stereo Broadcasting (88MHs thru IO8HH2), and Television channels 
7 thru 13 (174MH2 thru 2l6MHz)» are all within this VHP band* 
Comnerclal Aircraft (110-130MHz), Orbiting Instrumented Satellite 
(13^"136HHz), and Sptice Ccmunlcatlons (295riHz), and Amateur Radio 
Services (50-5^MKz) use this band also* CrowJlnf* these services, 
are police, fire, taxi, trains, trucks, forestry, state guard, and 
eovemrient operated "radlo-telephortes*', at various IVequencies. 
Antenna lengths in this band are measured in meters and centimeters* 




Radio waves in the Ultra Hish Frequency Band (UHF), are also 
considered linenDf-sight or horlzon'-to-horlzon* Mobile Radio Tel- 
ephone (police, fire, taxi, etc*). Aircraft and Control Tbwer, and 
r'arltime (ship) Services, operate stations in this band* Comnerclal 
and Public UHF I'elevlsion Broadcasting channels 1^* thru 83 (^tTOt'Kz 
thru 89o;^!Hz) are also transmitted* Above this, begins the Radar am 
Special Services frequencies* Early Warning Radars, Ground Controlled 
Approach (GCA) Radars, and Maritime (ship) Radars, are assigned IVe- 
quencles here (90a^IHz to Z^OOW.z C2,**GK2]), Amateur Radio, Indus* 
trial, and Medical Services also are provided frequencies (2^0Cff^lHz 
to 25oa5iz C2r^tCEiz to 2*5Ghz])* Altfiougjri the "reflectors" are sor^e* 
times quite larg^, tlie actual ^'antennas*' used are measured in centl* 
meters* It should also be noted that radio frequencies above lOOOfto 
(IGH2) are additionally assigned the name '*>!lcrowaves"* >*LicroKave 
cooking ovens (2^00;':Hz) operate with frequencies similar to Radars^ 
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sliy mio C30Hz to 300^) 



Radio waves In the Uiper High Frequency h^^ (SHF), travel 
"llne-of -sight" or "horlzon-to-horlzon". These frequencies are 
mainly used by Radar and Microwave systems. Weapons Control i Gun- 
laying, and Missile Control Radars operate In this band. Aircraft 
Navlggitlon and Bombardment Radars, and Shipboard Plre Control Radars 
use radio waves at these fl^equencles, due to the reduction In size 
and weight of the antenna system. Television and Cormunlcatlons 
signals are transported along ^'microwave" beams between tall towers, 
using SHP frequencies. Large areas of the continents are spanned 
by these microwave relay towers. The "reflectors" may be somewhat 
large, however the actual '*antenna" lengths are measured In centi- 
meters and mllll -meters • 




Radio waves In the Extreiriel;/ Hlch frequency Dand (tip) are 
considered llne-of-sight, Tostly "experimental" In nature, they 
are widely affected by atmospheric moisture. Due to the very 
small antenna sizes required, very narrow beaxs of radio energy 
can be produced for varied purposes. Space communications would 
appear a likely candidate to utilize such narrow beams. Frequency 
assignments to Amateur Radio and Industrial Services may also 
furthur develop commercial uses for tills band, nigh "resolution'' 
Radar systems can produce clear electronic pictures v;ith the narrow 
beans of energy. Antenna sizes are n^^asured in milli^^rieters. The 
*'ref lectors'* , '*horns", and ''lenses" used to fonn tiie bear^ are 
Hiuch larg^er. 




-■■III 
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KIGHKR FRLQUHNCIES ??? 

Above "radio frequencies" are energy bands familiar to manyt 
(The frequency relationship only, will be considered.) 



INFRA-HED (heat) WAVES 



E7 



750GHz to 3V5,OOOGHz 



Satellite pictures are cormonly made of the earths surface, 
using the Infra-red Vfeives generated by heat. Infra-red techniques 
are also einployed in "heat seeking** missiles. 



.fe=4f(((((!4*^;^«s(mM.. 




VISIBLL LIGiiT WAVES 



7 



375,000GHz to 750,000OH2 



ttot'nvjch needs to be saia about "visible" light, if the words 
on tills page can be seen. Tlie different "colors" of li^t, have 
different frequencies, 

RED 400,000GHz (7500S) 
'ORANGE 500,000GHz (6000A) 
WKXTEUGHT /\ ^^r^^iZVYELLOW 510,000GHz (5900&) 

^ i-nFFnf 560,000GHz (530C 

'BLUE 700,000GHz (1»50C 
PRISM/ \ ^~^VI0ICT 750,000GHz (i»OOC 




^ ULTRA-\'IOLH:r (Dlack-llght) \<m2j 75O,OO0Gtiz to 25 , 000 , OCOGKz 

Satellite pictures are also rade usin^ ultra-violet waves, nar^ 
of them photograplos of the S'Jn, stars, and ^axies. After a target 
has been illurJnated with unseen ultra-violet, a sharpslicoter using 
a "sniper-scope" can do the rest. The ultra-violet v^aves are made 
visible in the "sniper-scope" electronically. 




TARGET 
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HIGHER FRKQUENCIK3 ??? 

Higher in frequency tlian Ultra-Violet Vi-avea ary; 




X-RAYS / 3,000,00OGIl2 to 50,000,000,00COIi2 



/' GAMt'lA RAYS^ 1,500,000, 



OOOGltZ to 300,000, 000,000GHz 




COSMIC RAYS 7 50, 000,000, 0O0GH2 to 33,000,000,OGC,CCOG]i2 





30, GOO, 000,000, OCC GHz to ??????■ 



9 P P 
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THE FREQUENCY SPBCTRUM 

A Hating, of all the varlouo frequency "types**, lo called the 
Frequency Spectrum [speck*-trum]* It begins with the low **audlo" 
frequenciea, and ends with the highest ''coamlc rays*** 

TOE FHEQUENCY SPEXTTRUM 



AUDIO 


ULTRA 


RADIO 


INFRA 


VISIBLE 


ULTRA 


X-RAYS 




COffllC 




SONIC 




RED 


Liorr 


VIOIiT 




RAYS 


RAYS 



1 LOWEST FRSQUEt4CIES 



i^KtGHEST FREQUENCIES 



* In the Conmunlcations-EXectronlcs fields, only tiye first part 
of the total Frequency Spectrum Is of importance* This oortion there- 
fore will be expanded, with the Iniportant frequency limits listed. 

\ 

\ 20KHZ 
1 



5l|tz 



-ULTRASONICS 



AUDIO , 

FREQUENCIES 



•RADIO FREQUENCIES- 



■MICROWAVES - 



20Hz 



20KHZ 



IGHz 
ClOOCMUz) 



300GHz 



POWER FREQUE^^CIES 

Comerclal electric power in the Unltetl States, Is supplied at 
a frequency of 60 Hertz . On the European continent, 50 Hertz Is the 
electric power frequency. Aircraft and Surface-craft (ships), have 
electric power generated Uy on-board "alternators" at i|QQ Hertz . 
50h"z, 6C^^^ and iiOOHz, are known as "Power Frequencies". 
NC^! The "power frequencies" are all within the Audio Frequency 
portion of the Frequency Spectrum, 



a. Pror, SCHa: to 20KH2, are called 

b. Fron 2CKKz to 300GI!z, are called 

c. "I'iicrovaves" be<;in at ilerta. 



frequencies, 
frequencies 
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The completion of one "positive?'* alternation, and one "negative" 
alternation, I3 called one CYCL£- 




It takes a certain amount of tljne for the alternating current 
to complete each cycle* llie tline It takes to conplete any ONE cycle 
of Alternating Current (AC), Is called the **perlod^* The symbol 
used for the word "period" Is "t", representing tljne. 



buiijsxL ft) ~ Ao 

y^rw^v^MMT \ / / of J 



The amount of time It take 
complete any ONE cycle 
Alternating Current* 



ke^ 



If the frequency Is 1 cycle per second, 
there Is only 1 cycle co;rpleted each 

second therefore the "period" of 

each cycle would be 1 second ( 1 sec). 

If the frequency (f) Is 2 cycles per 
second (2 cps), there are 2 cycles 
completed each second, *» *therefore 
the "period" of eltkier cycle would 
be 1/2 second ( »5 sec). 

If the frequency (f) equals ^ Kertz, 
there are ^ cycles completed each 

second therefiDre the period (t) 

of each cycle would be 1/^ second 
( ^25 sec). 



see 



f=2Hz \ 



see 



Q-11 a, T»ie tine it taV;c3 to conplete one cycle. Is called the 
b. If th& frequency increases, the "period" 

(inc or dec) 
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A-10 a* Audilo**4*rrom around 20Kz to around zokhz. 

b* Hadlo4**4thdre Is realy no lower llmlt^ as the VCJF Band 
Is defined as anything below SOKHz* But it aeems aenalble 
to begin "radio" where '•audio** leaves off OK777 

c. intte.,,1.00(]HHg 1.000,OOO.OOOHg,,,,l Billion Hertzl 



CALCULATING PERIOD <t) 

If the frequency (f) of the Alternating Current Is known^ 



the period (t) of any ONE of the cycles can be determined* 




EXAMPLE: Calculate the period (t)t If the frequency (f) « 200 Hz* 



ONE 11 

PERIOD " t " — " " ,005 sec 

FREQUENCY f 200 



EXAr^PL£ : The frequency * 25 Hz* Calculate the period (t)* 

Offi ,11 

PERIOD = t * — » *01| sec 

FRBaUENCY f 25 



If the frequency (f) Is given In Hertz (Hz)^ the calculation 
for period (t) comes out in seconds (sec)* 

If the frequency (f) Is given in Kilo-Hertz (KHa), the calcula- 
tion for period (t) comes out in mllll-seconds (mS)* 

If the frequency (f) Is given In Mega-Herta (MHa), the calcula- 
tion for period (t) canes out In micro-seconds ()iS)* 

If the frequency (f) Is given In Glga-Herta (cHz), the calcula- 
tion for period (t) comes out In nano-seconds (nS)* 

BCWgE£: Frequency (f) ZOOIIz^ Period (t) » *0C5 sec 

Frequency (f) » 200KHZ Period (t) = *005 mS 

Frequency (f) « 200tTHz Period (t) « *005 >iS 

Frequency (f) « 200GHz Period (t) » *005 nS 



Q-12 a* What Is ttie period of a "power ft^quency*' of 50Iiz? 
b* iVhat Is the period of an "audio frequency" of 2501Iz?' 
c * What Is the period of a "radio frequency" of 100KIiz?| 
d* ;jhat Is tlie period of a "radio frequency" of 20Miz? ' 

e. A "nlcro\^rave frequency" of SGKZt has a period of \ 

r* T-P As frequency increases^ the period decreases* 
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A*n a* Period, msyrrtbol (t),,,for "time". 

decreases if there are more cycles completed in a 

second (Inc frequency), then It must take less tlnvs to 
complete each cycle* (dec period) 



CALCUUVTIUG FREQUEUCY (f) 

If the tine to complete OtJE cycle Is known, the number of 
cycles coqpleted In ONK second can be determined • That is to say, 
If the period (t) of a cycle Is known, the frequency (f) of the 
Alternating Current can be calculated * 




HXA'-TPLE : Calculate the frequency (f), If the period (t) » ,005 sec, 

OfJE 



FREQUEtlCV 



PERIOD 



1 1 
f =— » 

t .005 



200 Hertz 



E:m-'PLE; The period (t) = .Oi( sec. Calculate the frequency (f). 



FRKQUENCY 



PiiraoD 



.Oit 



= 25 lb 



ERIC 



If the period (t) Is given In seconds (sec), the calculation 
for frequency (f) comes out In liertz (Kz), 

If the period (t) Is given In milll-seconds (mS), the calcula- 
tion for frequency (f) comes out In Kilo-Hertz (KHz), 

If the period (t) Is given In micro-seconds ()JS), the calcula- 
tion for frequency (f) canes out in Tiega-Hertz (Mlz), 

If the period (t) Is given In nano-secorKis (nS), the calcula- 
tion for frequency (f) comes out In 01^-Ilertz (GHz), 



SCA>?LE : Period (t) '= 
Period (t) =- 
Period (t) = 
Period (t) - 



,0^1 sec Frequency (f) = 25 Kz 

,ai* mS Frequency (f) = 25 KiJz 

,0i* )iS Frequency (f) 25 :'2iz 

,0^ nS Frequency (f) = 25 GKz 



Cl-13 a. Period = ,CC2 seconds. Frequency « 

b, Perioa = 5 nllll seconds. Frequency = 

c. Period - 10 nlcro seconds. Frequency = 
u, Period = 2 nano ceconds. Frequency = _ 
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A*12 a. *02 cec (20 mllll aoc) 
b, *00i| oec mlUl sec) 
*01mS (10 micro sec) 
.0^3 fqo nnno sec^ 



e* *2n£I (?00 plco sec) 
f. True* ***mDn; cycles means 
less tljne for each cycle* 



INSTAOTANEOUS AND PEAK VALUES 

In the following "positive" altertiation^ OAp^A , 3A, etc*, 
are called tne "Instantaneous" values* represent the amount 

of current riowins* at various "instants" of tine* Alttiough there 
are only eleven '^Instantaneous^* values shom^ there are actually an 
infinite nuiber of them* For example; Between OA aiid lA there Is 

.OOIA, .G02A, .C03A etc OlA, ,02A, *03A etc lA, 

.3A^ etc. ...and finally lA* betv;een lA ajid 2A there is I.OOIA, 

1.002A, 1.003A etc I.OIA, 1.02A, 1.03A etc I.IA, 1.2A, 

1.3A etc ana finally 2A* 




/ PEAK VALUE / 
Tti£ PEAK VALUE 

There r:ay be an infinite nurnter of "instantaneous" values, tut 
there Is only or^ "peal." value reachea during each alterratlon. 
'ITiis would of course be the n^lr*un airount of electron flow. In the 
alternation siiown^ 5 ar^peres woula be the "peak" value. Tl*e saTie 
"pear:" value v;ill be reacheci during each alternation. Both "pos- 
itive" and "necative" alternations will tiave the saire "peak" value. 



Q"l^ a* Tl;e value of current ac any instant of tl^ie^ is called 
the value. 

Tr.e maxlmux anount of current reached during each alter- 
r*at;ia^.^ Is callea trie value. 
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A-13 a, 500Hz (500CPS or ,5KH2 or ,5KC) 

b, ,2KHz (200Hz or •2KC) 

c, ,lMHz (IOOKH2 or lOOKC or 100,000 Hertz) 
d, .SOHz <500MHg or 500MC or 500,000,000 Hertz) 



AVERAGE VALUE 

Atic all tlie **lnstantaneou3** values of an alterratlon together. 
Divide tills by the number of values used, and tnc answer is 

called the ''Average*' value, {This must be done using hifjh-^level 
math, as there are an infinite numcer of "instantaneous" values*) 

iiowcver, the **Average" value of any alternation can be easily 
aetemlned by multiplyins; ,637 ttoes whatever the '*peak** value equals, 

^<^Uj£tUftt ^AVERAGE » ,637 * PEAK / 

LlvAI-tPLE : The "pt*ak" value =" 5 amperes. Calculate tlie '^avera^e*' value, 
AVERAGE * ,537 ' PEAK ,657 ' 5A » 3*185 a-Tiperes 

If the "average" value is toov.Ti, tnc "peal-;" value can Le detemlned. 



^^MjCOtXcn ^PEAK M 1,57 ' AVERAGE 

hj^JCyjj z Tne "averac^" value = 3.135 amperes. The "peak" value = ? 

PEAK = 1,57 ' AVERAGE 1,57 - 3,135 = 5,COW5 a^rperes 
lOTE: The srall "error" here is due to ,637 beine "rounded-off*. 



Q-15 a, A 25'* Color TV uses a peak current of anperes. Calculate 

the "average" value of current used ty tiie set, • 

b, Ti:e avera^o current of a 5 transistor AT-I Padio is tr*A, 
Calculate the; "peak" value of current flov; used. 



c. An alr-condltioner uses a peak current of 20 ariperes* 
Calculate trje "average" value of the current used, 

a, A 100 watt lijsht bulb uses an "average" current of iiOOnA, 
Calculate the "pea>:" value used by the bulb, ^ 

< , At* elt^ctric toaster uses a "peak'* current of S aireres, 
vrnat Is t:;e "avera^^e" current used by the toaster? 

f, SolaerlryT-lron,#,?eak curreiit 2 ar4Ds A^'ei^a^ie = 
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/^"l^ a. "Inatantaneoufl" value. 

b. **peak" value the "peak** value reached during each alter- 
nation la the oame. For example: If the positive **peak** la 
15 amporoo» the negative **peak** will also t}e 15 amperes. 



SPKAKIW ABOUT HEAT ..,. 

When electrical current flows thru a resiator, heat Is c^^ner* 

ated within the resistor power dissipation. 

Question? In the following DC and AC circuits, which resistor 
^^111 be heated the r*o3t? HEAT 

■30 AMPERES DC^"l// \\ r^"^30A "PEAK" AC' 






^30 AI^PERES DC«^ fc^^-SOA "PEAK" AC' 

'Vhe answer? The resistor in the DC circuit will be the hottestl 
;vTr>y? The current flow in the DC circuit Is a "steady" 30 amperes. 
Tl:e resistor Is heated "30 a-r^^eres worth" all the tine. 

In th*e AC circuit;, ttie resistor is teated "30 anperes worth" 
cnl;; at the rOTiLrits of ''peak" current. T^^e rest of the instantaneous" 
values are less than 30 ompures. There are tl^ncc *^^hen the resistor 
13 I'lOl beln^ Ideated at all! These would be CA. .between alternations. 

In order for the resistor In the AC circuit to be treated the same, 
the current rjist reach a "peak" of ;ii;;iier than 30 aT4}cnjs* 



E^a^UatlXn A CF°r .gual heatj . l.m ■ Dc/ 

zjlA."TLE : X current « 30 arpsres. AC "peak" value [equal heat3 * ? 

AC ?Uis [equal heat] » l.^iU • iX l.kl^ • 3CA = hzMk PEAK 



a. k "caTjier'* van r:as a hoL-plate uslr^^ 6 amperes of X 
current fror, the batter^'. V;7iat '*pea>.** value of AC current 
will prociuce tlie sarje :uxunt of l;eat? . 

b. ies--;*o vJlll 7 a-iperes of AC produce the sa*ne aoount cf 
ineat as 5 aT^eres of I^C? (Trat*s 7 any^eres "pea^."*} 
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A.l5 a. 2.5ii9A AVO 
b. 9.lanA PK 
0. 12.7iiA AVa 



d. 1,256mA PK or 1.256A PK 

e. 5,096a AVO 

f. 1.27iiA AVO 



ERIC 



EFFECTIVE VAIAJE 

AC ammeters do NOT indicate tlie "peak" value or the Alternating 



Current flowing in a circuit! 

'12.42 AMPERES "PEAK" 



AC POWER 
SOUBCE 



WRONG 




RIGHT 
-^OA^ 



The "30 anpere" reading on the meter, Indicates that the Alter- 
nating Current which is flowing, has the sane "heating effect" as 
30 amperes of LJirect Current* The Alternating Current may have a 

"peak" value of 42,i|2 anperes, BUI' the "heatinc effect" is the 

same as only 30 anperes of Direct Current, 

The '*peak" value of Alternating Current, is al'^ays higher than 
its 'Mieating effect" value, TJils "beating effect" value Is called 
tiie EFFelCTIVH VALUE of Alternating Current, 



TTiat apount of AltematLns Current^ 
which will produce the same "^leating 
effect", as an equal amunt of X, 



^C voltneter3 and anrreters are calibrated to Indicate this 
"effective" value, rattier tl"*&n the "peak" value. This is an Impor- 
tant point, am it must, be kept in mir^i! The "effective" value 
(reasured by AC meters), is alv*ays LO^vEn than the "peak" value. 



0-17 a, T-F AC meters "read" the peak value, 

b, T-P AC meters "read" the average value, 

c* T-F AC meters "read" the effective value, 

d, T-P The "peak" value is higher than the "effective" value, 

e, T-P The "effective" value is lower than the "peak" value. 
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A*^^ a, 8,il8ilA PK.,..but don't get tho wrong idoa, Vou couldn't 
plug thd condor hot*platQ Into a house \4all outlet* Tho 
camper battery in probably 12V, and the house llTVI 
b. No,,, but lt*a pretty close PK same as 5A DC) 



CAJjCt/LATING THE EFFECTIVE VALUE 

The "Effective" or "tieatlng effect" value of an Alternatlne 
Current! always LOtCR than the "peak*' value. If the "peak" value 
Is known> the "effective** value can be determined, 

E:XA:?LE i **Peak" current equals 20 anperes. Calculate the "effective". 
EFFECTIVE « ,7o7 ' PEAK Jo7 ' 20A « 1^1,11* amperes 



If the "effective*' value Is known, the "peak" value can be 
calculated* 

/ PEAK . l,i*li* - EFFECTIVE^ 

E:(A:'iPL£ : "hiffectlve" current ■ 2 a^rperes. Calculate the "peak". 

PEAK = 1.414 ' LFTECTIVE 1,^1^ ' 2A = 2,823 a-Tperes "peak*\ 



The "effective" value Is scnetlTes called the "HT-^S" value. This 
stands for "Foot ^tean Square", It Is a. mathematical process, and will 
not be furthur discussed. It Is the sane as "effective". 



Q-18 a. Which value of alternating current has the same heating 

effect as an equal amount of direct current? value. 

b. The "effective" value Is also called the value, 

c» An electric Iron uses a "peak" value of 8 amperes. What Is 
the "effective" value? 

d, A 60 watt light bulb operates on 500mA "effective" curr^t. 
Calculate the "peak" current flowing thru the bulb, 

e. A small "pencil" type soldering iron has a "peak" current 
of 2 anperes. What Is the RMS current thru It? 

f ♦ T-P The RMS value Is higher than the "effective" value. 
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A-17 a. 


False 




b. 


False 


d* IWe.iiibut that's 
saying Cd) backwards) 


c. 


True,.,. finally got to itl 



DEOREE REPRESE^]TATION 



One cycle of Alternatlrig Current can be produced by^ rotating a 
piece of copper wire, In a 3^0^ circle, thru a magnetic field, (This 
will '^c :\irthur discussed in "Electric Ceneratorts**.) Therefore, each 



cycle is marked-off in degrees, beginning with 0**^ and ending with 




Lach cycle begins at 0*^, and ends at 360**, Current reverses at 
the 180*=* point ana begins each "riegative** alternation, 50^ is the 
point of "peak" current during each "positive" alternation, 270*^ is 
the point of ''peak** current during each "negative" alternation, 

E'lCh "instantaneous*^ value of current in a cycle, can be iden- 
tified by usir^g deiO^es, For exaqple (using the above figure) 

A^at v;^uld be ttie "instantaneous" value of current at 85*^? ArisTft^r,,, 
oomewhere betvreen ^ and 5 a-nperes. The "degree representation" of a 
cycle will be furthur studied in this text ur-der "Phase Difference", 

[Q»19 a* Each cycle contains how many degrees? 
b* Each alternation contains how many degrees? 
c* "Peak" currents flow at and degrees, 



n4 



A-18 






707mA PK or about .7 amperes PK 


a. 


The "offectivo" value. 


d. 


b. 


RMS or nna 


e. 


I.KIKA RMS or l.illKA EPF 


c. 


5.656A EPF 


f. 


False... It la the "effective"! 



TIMl REPRESE;^f^ATIOM 

tQ, tj^# etc., are "ti™ Inulcatoro"* Ihey are often placed 

at equally spaced points on a cycle* The distance between each *'tlne 
intUcator", represents a particular amount of ^irje, such as 1 mllli^sec- 
ond. The distance between each mark remains the sarne, because ?ach milli- 
second is as long as any other mllli-secona* 




^,6 tg tg t^Q 

I I I I J 



I 

J 

t2Q 



^1 
I 
) 

tig 





If %u 



tt;tv;een each rrark equals 1 :nilli*second, ti;e "oerlod" 

1 

of this cycle must be 20 mllli-Qeconds, Usin^; the er^uatia^ f = — , 

t 

this nuist be one cycle of .CSKHz {5OH2) alternating current. 

All of the points in this cycle can be identified by their ''tijr.e 
Indicators", Exarnples: The cycle be^^ins at tQ, and ends at t2o, t5 
is when the '*peai:" current is reached durlne tlie ''positive*' alternation, 
t^g is the ''negative" peak, tj^ is tlse inoment when the current reverses, 
between alternations • Lietween ty and tg, the current is decreasing from 
3 ar?)eres to 2 a'nperes, , , ,etc, , . ,etc , 



0-20 Use the drawing above, to answer the following, 

a. The positive alternation "peak", occurs at (^i, t2, etc) 

b. Between ti? and ti^, the current Is (inc or dec). 
The *^neja^tive" alternation begins T^" indicator) 
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a, 360 degrees 
b* 180 degrees 
c* 90* and 270^ 

Usually, AlterratiiiG Current 1g represented as a '^slne wave". 
This "sine wave" Is the picture seen, when altematlng current Is 
viewed on a:i Oscilloscope (3onifithin,r; like a 5'* TV set). 



Sj/n£ hJa 



REHJIKNCE LINE 




Ttie :iotted-llne thru tlie middle of the sine wave, Is called 
the "reference ILne". The sine wave t?>C3 an equal avount^ aoove- 
and-Lelow tlie ''reference line", "^.e points where the sine -..'ave 
touches or crosses the ''reference llnti"» arc equally spaced. 

It stiould also be noticed^ that the sine wave tos a particular 
"::hape". 

It Is NOT "rounded". -Z- 
It Is NOT "flattened". 




It Is NOT "triangular". 



erJc 



Any ciiaHi?? of sli^, fron the "pure" sine wave, is called 
"distortion", (Sanetir£S caused by the author or printer!) 



0-21 a, A "sine wave" Is the usual representation of 
T-F Sine waves have a particular shape* 
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A-20 a. tg 

b. Increasing**.. up toward the '^negatlvd** peak* 



SINE WAVE REPRESH/TATIQN 

Alternati/ig Current i^C)f Is usually represented as a "sine 
wave"* The part of the sine wave above the reference llne^ repre- 
sents the "positive** alternation. The part of the sine wave below 



the reference llne^ represents the "negative" alternation* 




Therefore one Si:<E WAVii^ represents one CYCIiil 



The reference line Itself^ represents TE>lh:, ** *tick* * .tick 




Tlierefore tlie '"period" of this cycle would be frorr, to to t^j! 



0*22 a* The "reference line" represents * 

b* The portion of the sine wave above the rererence line 

represents the alternation* 

c* The portion of the sine wave below the reference line 

represents the alternation* 

d* '^Time** Is represented by the line* 

e* Can you think of another question to ask? 
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a* Alternating Current 
b* True 



SINE WAVE REPRESETfTATIOH 

The horisontal axis of a sine wave (the reference llne)i rep- 
resents "time*** The vertical axis of a sine wave, represents **amp- 
eres of current'** Above the reference line, the current is marked 
as being positive (+)* Below the reference line, the current is 



marked as being negative (-*)* 




+2a 
+1a 
Oa 
-la -It, 
"2a 

-3a 
-4a 




-5a 




The cycle begins at t^ with 0 anperes* By t^, the current tes 
reached its positive peak of +5 a'^eres* By t2, the current has 
decreased back to 0 anperes* 3y t^, the current has reached its 
negative peak of -5 airperes* By tii, the current has once nore 
decreased to 0 amperes* (tiid of cycle) 



- 5 AMPS 



+5 airperes will S HOC 9*^ as much 

as -3 amperes I REMEI^IBER the 

and "-*' only Indicates a change 
In the direction of electron flow. 



+ 5 AMPS 




Q-23 a* The horizontal axis or "reference line" represents 

b* Above the reference llne^ current is marked or -J 

c* T-P Negative alternations are below the reference line* 
d* T-P Positive altematlcffis will **shock" more than negative 
alternations, because the current is flowing frontwards* 
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A"22 a* "tlmo" morchlng on, * , *tlck, * ,tlck, . *tlck. * ,tlck* ,Gtc . * 
b* "positive" alternation 
c, "negative*' alternation 
d* reference line* 
e* I couldn*t either! 



SINE WAVE REPRESENTATION 

The PEAK, EFFEam, and AVERAGE values of the Altematlr;6 
Current, would be at Capproxljnately) tlie "levels*' shown belov;* 



£ 




0-2^ a* If the "peak" current flow thru a central alrcondltlonlnp 
system Is 20 anperes, the "effective" current » ^ ? 

b. The "name-plate" on an 8 track tape recorder indicates" 
an effective current of 1.2 anqps. The "peak" » ? 

c. The effective current of a "video recorder" Is 1*5 Amps, 
Calculate the *'averaee" current , 

d* An electric range, uses an "average" current of 8 amps* 
Calculate the "peak" current used by the range, 

e. A M channel Stereo Anpllfler Is marked as having an RMS 
current of 2 amperes. Calculate the "peak" current* 

f. A Radar system having a "peak" current of 60 anperes, 
has an effective current flow of anperes, 

g. An aircraft AC Alternator can produce an average current 
of MOO anperes* Calculate the "peak" output current, 

h. The "average" current flow thru a speaker » 80QnA. 
Calculate the RMS current, 

1, The "peak" output current ot a microphone Is 5()iA, 
What Is the "effective" or RMS output current? 
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a. 


time, 


.and also "zero** anxperes 


b. 


+ 




c. 






d. 




•the "shock*' Id the sane. 



PEAK-TO-PEAK VAUJE 

When a cycle, (or better, a lot of cycles) Is viewed on an 

Oscilloscope, another "value" of current becomes apparent, It Is 

called the "peak-to-peak" value. 

+5A 



PEAK^^ 
TO I « 10 AMPERES OA 
PEAK 



-5A 




0 



Suppose the temperature (on a Winter day) varied from a high 
of +5^t to a low of -5^. What was the 
total "change" of teir^perature during 
the day? 10** was the total "change" 
of temperature- 

Many Electronic circuits operate 
on the total "change" of current t and 
the "peak-to*peak** value Is Important 
to their operation. 



CHAIJOE OF 
TEMPERATURE 
EQUALS 100 



+50, 



PEAK-TO-PEAK 



2 TIMES THE PEAK VALUE 



Q-25 a* If the "peak" value of a Radar signal equals ISniA^ the 
"peak-to-peak" value of the signal Is ? 

b, Tty^ "peak-to-peak" output of a Stereo systen « 80mA* 
What Is the "peak" output current? 

c* The "effective" value of current thru a 100 watt light 
bulb « 1 ampere* What Is the "peak^-to-peak" value? 

d. Calculate the "peak-to-peak" of 5 ai^jeres RMS* 
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a. 


Itl.ltiA EPF 




12.56A PK 


S> 


62aA PK 


b. 


1.696aA PK 


a. 


2.a2aA PK 


h. 


aaanA hms 


c. 


l*33A AVQ 


f» 


tl2.tl2A EFT 


1. 


35.351UA PMS 



FT^EQUENCY vs AMPLITUDE 

If the fjTequency (number of cycles per second) Is increased, 
the picture seen on an Oscilloscope changes from 



this 




Vj to this* 




flfglJTUDE [an-plah-tude] 

The word ^^ampUtude^* means* ***sl:£e* ** *anw^unt* ** ^loudness* **etc* 
Increasing the anpllt\jde of a sound, means to nake it louder* In- 
creasing the anplitide of a swinging pendulum, means to make It 
swing back-and*forth a greater distance* Increasing the **amplltide** 
of an Alternating Current, means to nake the "peak*' value higher*** 
say from 5 anperes, to 8 anperes* Tlie lanp would get brighter! 

Increase the ^'amplitude'* of a cjcle seen on an Oscilloscope, 
and the picture seen changes from 



this 




to this* 




^26 a* T-P Increasing the **aii?)litude'* of alternating current 
means to Increase the number of cycles per second* 

b* T-P The **airplitide" of the sound from a radio Is Increas- 
eu, by turning the volume control **up*** 

c* Which AC has the largest anpUtide? 5A PK or lOA PK-TO-PK 
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A-25 a. 30WA PK-PK 

b. itOmA PK 

c. 2.828A PK-PK 

d. It.ltA PK-PK 



FREQUEJiCY vs AMPLTTUDE 

Examine the following; pictures, seen Cii an Oscilloscope. 
.1 SEOOt©. 

Low frequency Low amplitude. 




Low frequency. .. .High amplitude. 



^\^^\/\/^^\^^/\^ frequency Low amplitude. 



y 




-1 High frequency*. **Klgri amplitude* 



NO^: The ''frequency" and "anplltude" are Inclependent of each 

other* "Frequency" Is the number of cycles. "Ainplltude", 
Is how hljrji the cycles are* IIow many???* * *and how Mgh??? 



Q-27 a* T*P If the frequency Is Increased, the amplitude also 
Increases* 

b* T-P If the amplitude Is Increased, the ft^uency will 

remain the same* 
c* T-P Double the frequency, and the an?)lltude also doubles* 
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a* Palfle*,*,lt meanfl to increase the "peak" value of the 

existing cycles* 
b, lWe*,*/'up" meaning louder* 

Ihev both have the oaine "anplitude"**,5A PK ■ lOA PK-PK 



IM-PHASE and OOT-OF-^PHASE 

A city park playground swings two kids on swings* 

If they are going up-and*down togpther, they are said to be swing- 
ing *'ln-phase"* If they do NOT go up-and-down together, they are 
said to be '*outM5f-phase"* 




IN-PHASE 




PHASE 



If two sine waves (or cycles) rlse-and-fall together, they are 
said to be "In-phase"* Regardless of their "amplitudes", they TOT 
cross the reference line, at the sane moment of time. 




If two sine waves (or cycles) DO NOT rlse-and-fall together, 
they are said to be "outHDf-phase" * They DO TWT cross the refer- 
ence line at the same inoment of tine, ^ ' * 





Q-28 a, "In-phase** sine waves must cross the 
at the same moinent of 
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^> FU&6«.*«lt (neana you get more cycles^ at tha same 
amplltudio (or peak value) « 

b. 'nrue it means the peak value of tt^ existing cycles 

is being made higher* 
c. False. ...see above, 



DSQREES Ot/T-OF-PHASE 

Recall a '*cycle*' (or sine wave) is also measured in 

degrees. It begins at 0**^ an! ends at 360*** The "phase difference** 
between two sine waves^ is often measured in degrees* See below* 



Here are tw 
sine waves, 
"in-phase**. 



Here they are 
5^ decrees 
aat-of-phase. 



Here they are 
90 Ceryecs 
out-of-phase. 



Here thijy are 
180 degrees 
out-of-phase* 



Here they are 
270^desrees 
out-of-^phase. 
(See KOTE:) 



IMPORTANTI ! ! 



rf p rf 




3 B 



D ft a * p 

rf rf >«> 

D n n 3 w 

>** ft O ft ft 

O O T 

C o ft 0 C C 



t-^ 3 * ft cT 

ft o D w ^ 

C '5 ft Q 

w s - 

MOW 

O 0) ft 

£5 w g ^ 



^ IT ft 



, fJOflE: Sine waves 270" 
1*^09*1 out-of-piiase, may also 
be referred, to as 90** 
out-of-pl-jase. 



IH?ORMATIOtlAL PAGE OilLY. . . .l^ot for study 
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A-28 

a, reference line, moment of time. 



WAVELENGTH 

Llshct waves travel thru space at a speed of about 186,000 nilles 
per second. If a flashlight Is turned **on'\ it would be one second, 
before someone 136,000 miles away sees the light. To the moon. It 
would take about 1,3 seconds (239,000 miles), A burst of light from 
the sun, takes about 500 seconds to reach tlw earth (93,000,000 miles). 

There are 5>280 feet in a mile. That's 1 J60 yards, 186,000 
miles then, equals 327,360,000 yards, A "meter" Is about a yard lon^* 
(39,37 inches) Therefore, light travels about 300,000,000 peters In 
one second (299,776,000 meters per second). 

Radio, Television, Radar, Microwaves, etc, all travel at tte 



same speed as light waves. 



000 me:iers per second 



7 



Once a radio wave has left the ^'transmlttlnc" antenna. Its 
velocity reiralns ttie same (300,000,000 meters per second) as It travels 
thru space* 




Q-29 a, T-P Radio waves and Light waves travel at the same speed, 

b* Radio wave-velocity « miles per second, 

c. Radio wave velocity » 



meters per second. 
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WAVELENOTH 

ConGider for a moment, a radio ** transmitter'* operatim: at a 
frequency of 1 cyclt? per second. In one second, how ir^iy cycles are 
produced? Of course.**. one! Allow that cycle to ^'radiate" fran an 
antenna, \:hQn the beginning of tlie cycle leaves the antenna, it 
starts travelint^ at a speod of 300 million meters rer secbnd. One 
second later, t^jo end of the cycle v;ill be leaving the antenna. 
Question??? Kow far away will tl;e becinnin^ of the wave be, When tf;e 

end of the wave is leaving; the anterm? Well the cycle is one 

secona Ions tlie beriinnlng of the cycle will travel a distarice of 

300 rill ion meters in one second therefore, tl^ begia'^iinc of the 

v-ave will be 30C, 000,000 meters away, when the end of tlie wave is just 
leaving the antenna one second away! 




Increase ti.e frequer^cy to 2 cycles per stcond. iicw rarjy cycles 
are produced in one secor<a? Ttvot how many cycles will be "radiated" 
TroiT. the antenTia in one soconu? WiOl ;:ov; rany rnoters lor;.*;, is aiu^er 
of the waves? 1^0',i:CC,CCC riiutercl 




Q-30 a* T-P TTie radio wave gets shorter, as frequency increases. 
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a. True ■ . 

b. 186,000 and that converts to 669,600,000 Miles Per fir. 

c. 300,000,000 ..."faster than a speeding bullet " 



Increace tl.c fi'uqiiency to ^ cycles per second, iiow many cyciea 
arc produoud in one secona? Pour! How niany cycles will be "radiated" 
fron tl-^ anttnna in one second? Fourt iiow rany meters lon^ is iny 
one of the four cycles? 75,000,000 metersl 



RADIO 
TRANSI-IITTER 




i^0^,O00,OQ^M^HS J^^^K * 



75,000,000 y^i-ES' 

Om SECOND 



IncT'easu zhti frequency to 3C0 million cycles per second (300i'>x), 
Kow rany cycles are produced in one secotu? 300,000, COO! How nany 
cycles will be "raaiated" frcr. the anten:ia in one secoriu? 3CG,00C,';OC! 
How rany r,eters lon^ is any or^ of the jGO,ljOC,OOC cycles? 1 i:.eter! 



RADIO 

TRAusr-irrrtR 



f = 300Mfc 




^ — 


300,000,000 M^TKRS- 




> 










1 300,000,000 CYCLES 




— 


ONE SECOND 




> 



IMPQRTAi\T! IjJtlcxj zimt ao the rt*t:quency 1g incrcasea, the prc/'cicai 
Icr-.^'^L of uracil cy^jlo of a rauio wave -^e^s Giorter^ 



Q-31 a. As the frequency increases, the length of each cycle of the 

radio wave gets (longer or shorter)* 

meters per second* 



Radio wave velocity « 
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a. True.. ..If you can call 150,000,000 meters "shorter". 



The "physical length" of any orte cycle of a racl5.c wave, Is 
called the WAVELHIJGTK (Sjiriol A ....L'le Orcc-k letter "lanrta") 



Trie PKTfSICAL LfcLN'OTli of any one 
radio i\ave. It Is 
suroc In netyrs, 
centl-neters , or nllli-^r.eters. 



ERIC 



The VJAVELEI^'GTil (A) of a radio wave, depends upon th»e frequency, 
of the wave, and the 'Velocity'* of the v.'ave, Thie frequency can be 
changed, but the "velocity" cannot. It io a constant 300 million 
meters per ceconu, 'Ihe KAVELEiN'GTH C^^ ) can te calculated by 



WAVELC>XlTh = 



^;EIjOCITY 

frhqiie:x:v 




Dyy-TLE; Calculate the "vavelength" of a radio wave iiavla;; a fre- 
quency of l.S-U-^ (1,500,000 cycles per cc-conuK 



VLLOCITY 



V 

f 



300, cd 




• r- 


(1 


1,5^ 






0 



?0C : ilT^ri: 



l^%Tiz CI5CCKHZ) would be the opcratir^ frequency of an W nadio 
station on the hl(in end of tlic dial, i£ach yave Ic 200 meters loi>3! 



Q-32 a. What would be the **wavelength" of each cycle of a Channel 
3 TV signal at 60r4H2 (60,000,000Hz)? meters, 

b. Calculate the wavelength of each cycle of a Police radio 
at I5OMHZ, (150,000,000Hz) meters* 

c. Calculate the wavelength of a Loran navigation signal, 
operating at lOOKHz, (lOO^OOOHz) meters, 

a. What is the ''wavelength" of each cycle of a Citizens Band 
station, operating near 3OMH2: (30, 000,000Hz) 

e, The National Bureau of Standaids WWV, operates a radio 
station at 20MHz, Calculate the wavelength of one cycle, 

f , What is the "wavelength** of one cycle of a UHF TV station 
operating at 60CMHz? 

g, European power, at a frequency of 50Hz, has a wavelength 
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^'^^ a, shorter.... even down to mllll-metero, and mlcro-metero. 
b. 300,000,000 (300 Million Metern Per Second) 



WAVEtHiGTH 

Ir tte wavelength ih) of a radio wave Is knoim, the frequency 
C r ) or the wave can be determined. 

VELOCm 



FREQUEtWY 




EXW'TLE: V/hat Is the operating frequency (f) of a Radio Station, 
ir Its wavelength {7\) equalo 200 meters? 



VELOCITY V 300,000,0(>( 
FREOUETJCV = V --r-"* h' 

WAVELhi^TH ^ 2^i) Cl^OOKHz or l.^Txz) 



1,500,000 Itertz 



Many "shart-^wave" radios have their dials mrked In "meters" # 
rather than *'hert2". Often, overseas Eroadcastlrg Stations, discuss 
their "meter band", rather than their "frequency band" of operation. 

Amateur Radio *'ham'* operators talk of their equipment as "20 
meter", or "iiO meter", ''80 meter", "2 meter", "10 meter", etc 
Hadar equipment is often called "10 centlimjter" (BGHz), or "3 centl- 
rieter" (iXHz), etc* Some skill, in conversion from i^velcnrith 
to frequency, 3tK3Ulu be developed. 



Q-33 a. If the wavelength of each cycle equals 5000 meters, the 

frequency of the radio wave equals ♦ 

A Voice of America Broadcasting Station has a wavelength 
of 30 meters* ^What is its broadcasting frequency? 



c. What Is the frequency of a wave. If the wavelength of 
each cycle equals 5*000,000 meters? 

d. What Is the frequency of an Amateur Radio Station, oper* 
atlng In the 2 meter band? 

e* What Is the "dial'* reading of an FM stereo station. If tht 

wavelength of each cycle equals 3 meters? 

f , The wavelength of a **May Day" emergency call Is 

150 meters. What Is the frequency of the station? 



g, T-F If the frequency increases, the wavelength decreases, 

h. T-F Frequency BivX wavelength are "Independent" of each 
other* 
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A-32 



a* 5 metera 

t). 2 meters 

c. 3000 meters (3KM) 

d. 10 meters 



e* 15 meters 

f* .5 meter (1/2 meter-50cm) 
g. 6 million meters longt 



AC VOLTAGE 

Then? are many sources of AC Voltage* Some of then are 

AC Generators (Altenmtors) , Oscillators, Xultlvlbrators , DC to 
AC Converters, etc** (Sorry. ***there are no AC fcatterlesf) 

These sources of AC Voltage have several scheinatlc synitals; 



AC Vadja^i 

Soujsoes 




AC) 117VAC 




117VAC 



To produce an altematlrv: "current", t:ie POLARITY of the 
AC Vcltajc;e source reverses, each alt;err*atlon 







ETC. 



AC Voltages are rvpresorited as **slne-wave3'^ Ti^.ey also :ave 
peal>to-pea>:, pc-a^:, effective, ana a'^ra^^o values* Ti:e equations 
to calculate tt:ese values, remain the sore as for AC Currents*-** 

LTFSCriVr: ^ JO? r£:AK PEAK EFTiCTIVi: clFF =- i*:i Ava 

A\'ERAGli *637 PEAK PEAK =-1*57 AVKRAGE AVO *9 

PEAK-TO-^PEHAK ^ 2 Tr^i:S TiiE P'EAi: 



Q^3^ a* Calculate the ''effective" voltage of an AC power source 
of 5av PK* 

ti* If the PK*TXKPK value equals l6 volts, the effective 

voltage = * 

c* What is the PK-PK value of 10 volts "average"? 



d. If the PiUPK value equals ^ volts, what is the RMS value? 
e* Effective = 30VAC* Calculate the "average" value* 



^16 



IS3 



'^-33 a. SO.OOOHz (6OKH2) 

b. 10 Mega Hertz (lOMC) 

c. 60tfe (USA power) 

d. 150 Mega Hertz (15OMC) 



e. 100 Mega Hertz (lOOMC) 

f. 2 Meg^ Hertz (2MC) 

g. True... decrease « shorter. 

h. False... ff h\ 



AC VOLTAGK 

All AC Volta*-ea are assumed to be the "efrective" value, 
ijr;lcss otheravinc npecirically stated. 



Repeat! /i| 



Voltages (arid currents), 
sumed to be the "effective 
unless otherwise specif- 
stated 1 




Tuio that all rneterr, (Voltneters and Anr^eters), are 

calibrated to "read-out^* the effective value. All volta£;e and 
current indications on schenatic diagrans, are to be a::3Suned to be 
t V' '^effective" value, unless ct^*en':ice marked. 



CD 



OVAC 



tUi el'jctrlcal wall outlet, riay Lo narked 117VAC. This therfj- 
forc, is the "effective" value. Ibvj liigh does the actual "peak" 
value GO? l.-Hit (lirv') = IC5 VOLT$ FrAK! An air-conditioner 
-;iy iQ narktiii 22CVAC. 7his therefore, la ttie "effective" value, 
iiow Vdch l3 Che actiial "reak" value? l.'U^ (220V) = 311 VOLTS PK! 



311V PK 




165V PK 




Q-35 a. An AC voltmeter Indicates 120V. The peak-to-peak value 

equals . 

b. An AC airmeter reads StnA. The "peak" value » 



^17 
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a. 35.35V EFP 

b. 5.656V EPF 

c. 31. W PK-PK 



d. l.ttlW RMS or EPF 

e. 27V AVO 



OHM'S UW 

Otm's Law calculations for an AC Circuit, are the same as for 
a DC Circuit. E ■ Voltage I » Current P. « Resistance 



urns 



E « I . R 



I R » — 




'l I R 



EXAI'IPLE : Calculate the ''effective*' current flowing in the following 
circuit. (Note: The voltage is given as "peak".) 



1 



200V PK 



I 



1mA PEAK 



R SOKjv 

A A onm nit cnw '^^ convert tlie JlriA Peak Current, to 
f\jj dQW SOK "effective" meter reading 

I ? I ^'^'^^ = .707 PEAK 

' -J ■ - .707 (nmA) 

^ = 2.328 :nA EFI-TiCl'm 



Q-36 Solve the following circuits as Indicated. 

12VAC 





ii8 



200 



V 



^-35 a. 339.36V PK^PK b. 7.07mA PK 



NEW TEJWa and EQUATIONS 

Althougli this text began aimplo enouch, it ohould now be 
apparent that a lot of ^^new stuff* has been discussed. Below, in 
a listinf, of the material covered. On the followlne page, there is 



a Sunmry Quiz, which will use this list for answers. 





TERMS 








a. 


Altematliv Current fAC) 








u . 






EQUATIONS 


^ . 












Pofilt Ivp Altertiation 








? . 


i '*^iT^i.t Ivp Alt f 1 nn 


1 




— 7n7 P^'Ai* 
" i tut r\ltiv\ 












fa • 


Cvcles Per ^ieronri 


2. 




H m 










i 








n 1 ijli; KPRtrnvt 


f 










\i . 


Ultrasonic Frequencies 


li 


PLAK 


« 1.57 AVKRAGb. 


1. 


Hadio Frequencies 








- M . 




^ . 




.9 KFFtCTIVE 


n. 


Frequency Spectrum 










Kilo Hertz 


6. 


LFFhcaiVr. 


« 1.11 AVEHAGE 


p. 


:-:et;a Hertz 








1* 


GiuSt Hertz 








r. 


Period 




a 


1 




Ii;3tantaneous Values 




f 


3. t » — 


t. 


Peak Valut: 




t 


f 


u. 


FeaK-ib-FeaK Value 










Lffectivc Value 










Average Value 








X. 


TO'Sj Value 




V 


V 


y. 


0'=* to 3^-0'' 




?N = — 


10. f = — 




^1» t3, etc. 




f 


n 


aa. 


Slfie Ivave 








bt. 


heference Line 








, cc. 


ATiplitude 








ud. 


It>-Piaoe 








CO. 


Out-Of-Pliase 








ff. 


AC Voltaic 










300,000,000 
'.^/avolenf^th 

















1(9 



ERIC 



201 



'^'^^ a, 2mA d, 5mA 

b, 3K e, 2K 

c, 2A 120VAC 



SUNWARY QUIZ 

Q-37 Using the list of TERMS and EQUATIONS, select the best 
answers for the following. Some terms nay be used more 
than once,,,,some, not at all* 

rERMS 

1, Electrical current which Is "constantly changing In amplitude 

and periodically reversing In direction", 

2, One million cycles per second, 

3» Two sine waves, "rlslng-and- falling*' together, 
^, 20H2 to 20KH2, 

5» The maxlrraJin current reached during any alternation, 

6, This Is another name for the "effective" value, 

7» The length of ar^ one cycle of a Radio wave, 

8, One thousand cycles per second, 

9, Degrees of a sine wave, 
lO, The same heating effect, as an equal amount of DC, 
11, Each cycle contains two of these, 

12, The time required to complete any one cycle, 

13, A line, representing "time", 
1^, 1 Glga Hertz and **up", 

15, International unit of measure for "frequency", 

16, The velocity, in meters per second, of a radio wave, 
17, Time "indicators**, 

18, One Billion Cycles Per Second, 

19, 50H2, 6OH2, and ^OOHz, 

^20, Follows each positive alternation, 

^21, Obtained from an AC power source, such as a wall outlet, 

22, 20KHZ up to 300GH2, 

^3* Contains 180^ 
^2^, Tlie most conmon representation of alternating current, 

25, Sound waves, too high in frequency to hear, 

26, When two sine waves are not "rislng^^and-falling" together, 
27, Positive "peak" to the negative "peak", 

28, The period, is the length of time to complete one of these, 

29, Increase this, and the *'peak*' becomes higher, 

30, A list of frequencies, from 'low" to "high", 

■ EQUATIONS 

a. Want to convert from the RMS value to the "peak" value, 

b, W^t to calculate the time necessary to complete one cycle, 

c. Given the "effective", and want to know the *'peak*', 

d, W^t to calculate the length of one cycle of a radio wave, 

e. Given the "average" and want to know the "effective", 

f. Given the "period", and want to calculate "frequency'*, 

g. Know the RMS value, and want to calculate the "peak" value, 

h. Given the "wavelength, and want to know the "frequency". 
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A- 17 


'rheao aro the "beat" 


onsuern (thOUfdi vou 


may not apreo). 


1. 


a 


11. b 


21. ff 


EQUATIONS 


2. 


P 


12, r 


22. 1 




3. 




l3 bb 
± •/ • **** 


23. b, d, or e 


a. 3 


K. 


1 


11. m 


21. aa 


b. 8 


5. 


t 


15. h 


25. k 


c. 3 


6. 


X 


16. gg 


26. ee 


d. 9 


7. 


hh 


17. z 


27. u 


e. 6 


8. 


0 


18. q 


28. c 


f. 7 


9. 


y 


19. J 


29. cc 


g. 3 


10. 


V 


20. e 


30. n 


h. 10 



SUNWARY 

The study of Alternating Current and the Frequency Spectrum, 
should not end here. Publications on these subjects are available 
In Technical Study Centers, 

Beginning with a "sljrple" reversing of current, a wide vailety 
of facts and figures began to emerge* Alternations and cycles were 
easy enough, but then along came "period" and "frequency" and all 
their calculations* Then suddenly, there were all kinds of frequen- 
cies! 

Peak values were sljrple* But then came instantaneous, effective, 
average, and peak-to-peak values, and all their calculations, Ttiings 
settled down for a moment, only to be interrupted by Radio Wave veloc- 
ity, wavelength, and their calculations* And it all ended with Otin*s 
Law. ^ 

Quite a "blte-to-chew" , this Alternating Current! Fortunately, 
all the terms studied here will become a part of your new language, 
to be used over-and-over as Electronics continues* 



Alternating Current and the Frequency Spectrum AC Electronics! 
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OVERVIEW 

CAPACITORS AND CAPAClTlVE 
REACTANCE 

1 > SCOPE: This Txiodule will define 
capacitance, show the construction of 
capacitors and explains their characteristics 
in electronic circuits* 

2* OBJECTIVES: Upon completion of this 
module you should be able to satisfy the 
following objectives: 

a* From a group of statements, select the 
ones which describe the physical character- 
istics of a Capacitor* 

b- From a group of statements, select the 
ones which describe the electrical character- 
istics of a capacitor. 

C- From a group of statements, select the 
one which describes the phase relationship 
of current and voltage in a capacitor. 



d- Given a list of statements, select the 
ones which describe the effect of varying 
frequency and capacitance on capacitive 
reactance. 

e. Given the signal frequency, formulas, 
and the value of three capacitors in a series* 
parallel configuration, compute the total 
capacitance and total capacitive reactance^ 

UST OF RESOURCES 

To satisfy the objectives of this module, 
you may choose, according to your training, 
experience, and preferences, any or all of the 
following: 

READING MATERIALS: 
Digest 

Adjunct Guide with Student Text 
AUDI©- VISUAL: 



Supersedes KEP-GP-12, 1 August 1975. 20o 



Television lossoti, CcipacUors atid Capacltlve 
Hoactancc, TVK 30-255 

LABOR ATORY EXERCISE: 

Capacitors and Capacltlve Reactanco, 12-1 

SELECT ONE OF THE RESOURCES AND 
BEGIN YOUR STUDY OR TAKE THE MODULE 
SELF'CHECK. CONSULT YOUR INSTRUCTOR 
IF YOU REQUIRE ASSISTANCE. 

ADJUNCT GUIDE 

last ructions: 

Study the referenced materials as directed. 

Return to this guide and answer the 
questions. 

Cbeck your answers against the answers 
at the back of this Guidance Package. 

If you experience any difficulty, contact 
your Instructor. 

Begin the program. 



A. Turn to Student Text* Volume II, and 
read paragraphs 2-1 tbru 2-40. Return to 
this page and answer the following questions, 

1. A capacitor physically consists of: 

a. plates and conductors, 

b, plates and Iron* 

, c. dielectric and plates. 

_ d. non-conductors and dielectric, 

2, To decrease the capacitance of acapacitor, 
you can 

a. increase plate area, 

b. decrease applied voltage. 

c. decrease the plate area. 



3. Capacitance Increases If you 



d. decrease the thickness of the 



a. moVQ tho plates closer together* 

b. decrease plato area. 

c* move the plated farther apart* 

d. Increase dielectric thickness. 



4. A capacitor stores electrical energy In an 

a. electromagnetic field* 

b. electrostatic field. 



5. If the capacitor has no charge and SWl 
Is closed* the electrons are: 




BEP4'951 



a. pulled off plate A. 

b* pulled off plate B. 

c. forced onto plate A, 

d. forced onto plate B. 



6. plate A has a negative charge and plate 
B has a positive charge* then 

B 




a. a difference of potential exists 



between the two plates. 



b* electrostatic lines of force are 



directed from plate A to plate B, 



c. electrostatic lines of force are 



directed from plate B to plate A* 
CONFIRM YOUR ANSWERS 



dielectric. 
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B. Turn to Student Text, Volume II, and read 
paragraphs 2^41 thru 2^46. Return to this 
pa^e and answer the following questions. 

1. Find the total capacitance for each circuit. 



a. 



@ 



b. Ct 



c. Ct 



© 



110 ^1 

I 



lOuF 



C2 



REP4-954 



^F. 



Iiua|4 
C2 

T 



a 

100 i^F 
C2 

C3 
TO^F 



REP4~9 55 



C. Turn to Student Text, Volume II, and 
read paragraphs 2-47 thru 2-40. Return to 
this page and answer ttit following questions. 

I. Find the total capacitance loreachcircuit. 

a. = /iF 




CI 

so^f" 



a 



a 



lo^fn^LiF 



b. a 



^iF. 



















CI 




C3 ^ 








0.00 :j*F 






0.OOVF 

f 



10.000 pF 



c. C. 



^F. 




REP4-95$ 



2. When c^p^cltors ^re wired in serles^total 
capacitance (increases)(decrea£es). 

CONFIRM YOUR ANSWERS 



2. When c^p^citors ^re wired in par^tlel^ 
tot^ capacitance {decre^ses^ (increases). 

CONFIRM YOUR ANSWERS 



D- Turn to Student Text, Volume II, and 
read paragraphs 2-SO thru 2-S3. Return to 
this page ^nd answer the following questions. 



207 



I. To Unci the Ct for the aerlefii-parallel 




CI 



1 



C2 



C3 



EEP4-9$9 



a. add Cl, C2, and C3 directly. 



^ b, use the reciprocal method to find 

the equivalent capacitance of C2 and C3 and 
add this value directly to CI. 

, c. add C2 and C3 directly and ust 

the reciprocal method to find the equivalent 
capacitance of this sum and CI. 



20 aF 




3. Solve for Ct in oach of the circuits 

bclowi 



2. To solve the above series-parallel capaci- 
tive circuit tor Ct, the first step is to deter- 
mine the equivalent capacitance (Ce) of the 
parallel network. 




PEP4*961 

The next step is to combine Ce wth CI, 
Ct for this circuit is . M^- 



a. Ct 



"1 Cl 
J- C2 

J 



F 

[ 

20h'f 



b. Ct = 




REP 4-963 



Ct = 




JL_C1 l/_C2 



C3 J L C4 

3^F- y --p ^tiP 



FEP4~964 



CONFIHM YOUR ANSWERS 



E. Turn to Student Text» Volume 11, and 
read paragraphs 2-54 thru 2-71. Return to 
this page and ans\wer the foUovfing questions. 
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1. Mark the drawing that identifies the cor- 
rect phase relationship of current and voltago 
In a pure capacltlve circuit. 



b. 





2. The symbol for this reactance Is 
and is measured In 



3. The two variables wliich atrect reactance 
. and 



of the circuit. 



4. Given the signal frequency and value of 
capacitors in series, compute and 



of each circuit below. 



't 



I 



^1 \ 
CI C2 ^ 53" 



.159 
fC 



d. 





0 



J kHz 



TlOOti F 
C2 

C3 



^5^iF 



2* The phase relationship in a pure capacitor 
Is such that the capacitor current {lags) 
{leads) the applied voltage by 90"*. 

CONFIRM YOUR ANSWERS 



Turn to Student Text, Volume II, and 
read paragraphs 2-72 thru 2-94, Return to 
this page and answer the following questions. 

1* The opposition a capacitor offers to alter- c 



nating current is called 
reactance. 



HP 



100 ^iF 



.flF 
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"1 CI 



. C2 




5, Given the signal frequency and value of 
capacitors in parallel^ compute the total 
capacitance and total reactance* 



^ C2 






REP4-970 




. C3 



mf 



CONFIRM YOUR ANSWERS 



6. Given the signal frequency and the value 
of capacitors in a series- parallel configuration* 
compute the total capacitance and total capacl- 
tive reactance for each circuit below^ 



G, Turn to Student Text, Volume II, and 
read paragraphs 2-95 thru 2-100. Return to 
this page and answer the following questions. 
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1, The compreiaslon typo variable capacitor 
had a dielectric of 

I a. air. 

^......^ b. paper. 

I c. tnlca* 

— — oil. 

3. Match each of the fixed capacitors with the 
CAPACITOR 



a. , ■ Electrolytic 

b. ai 

c. Mica 

d. - Ceramic 

e. Paper 



CONFIRM YOUR ANSWERS 



2. The rotor*stator variable capacitor varies 
capacitance b; changing the 

a. dliatance between the plates. 

■ b. effective area of the plates* 

, ■ , 1 c. dielectric constant. 

■ — d. thickness of the dielectric. 

corresponding statements. 
STATEMENT 

1. Low cost and small size. 

2. Used in high power transmitter circuits. 

3. Uses oxide film for dielectric. 

4. Has high dielectric strength and silver 
plates. 

5. Low capacitance - high frequency component. 



H. Turn to Laboratory Exercise 12-1. This exercise willincrease your knowledge of capacitors 
and help you gain experience working with these components. 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 
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LABOIIATOHY EXERCISE 12-1 
OBJECTIVES; 

It Determine what effect i chinge in voltage 
lyjiS »i capacltivo circuit. 

2< Determine what effect i change in 
frequency has on a eapacltive circuit- 
s' Determine what effect a change In 
capacitance ha^ on a capacitive circuit* 

EQUIPMENT: 

1. AC Inductor and Capacitive Trainer 5967. 

2, Multimeter AN/PSM-6. 

3, Sine-Square Wave Generator 4864. 

4. Meter Panel (O-IO, 50, 250 AC mA) 
456B. 

REFERENCE; 

Student Tejrt, Volume 11, paragraphs 2-41 
thru 2-100. 

CAUTION: OBSERVE BOTH PER- 
SONNEL AND EQUIPMENT SAFETY 
RULES AT ALL TIMES. REMOVE 
WATCHES AND RINGS. 

PROCEDURES: 

A* Preparation of the trainer and test 
equipment. 

1. PSM-6 

(a) FUNCTION switch - ACV 

(b) RANGE switch - 50 

2. AC Inductor and Capacitive Trainer 
placed on T-bench before you. 

3. Sine Wave Generator 

(a) Plug into 110 volt source, 

(b) SQUARE WAVE AM PLITUDE 
control- slightly clockwise (C"V) to ON 
posUion. 



^o3 



(c) SINE WAVE AMPLITUDE control 

- 0- 

(d) SINE WAVE RANGE control- lOV, 

(e) FREQ MULTIPLIER control - 10, 

(f) FREQUENCY (CPS) dial- 50. 

B. Determine what effect a change in voltage 
has on a capacitive circuit. 

1. Connect the capacitive circuit as shown 
in figure 1-1, 



SmE HAVE 
CEkERATOR 
SET TO SOOM 



cm 



0 , 10 mA AC 



Figure 1-1 

2. Set the frequency of the sine wave gene« 
rator to 500 Hz. (FREQ MULTIPLIER to 
10 and FREQUENCY dial to 50.) DO NOT 
TOUCH the frequency controls during the 
remainder of this objective. 

3. Adjust the amplitude of the sine wave * 
output to 6 VAC at the output terminals of the 
sine wave generator. Measure with the PSM-6* 

4* Read and record the circuit current* 



Frequency at 500Hz* E^ ^ 6V, 



t 



mA 



5« Adjust the amplitude of the sine wave 
output to 8 VAC at the output t( rminals of the 
sine wave generator. 



Frequency at 500 Hzt E = 8V, 

a 



mA 



6- An increase in Ea in a series capacitive 
circuit will have what effect on circuit curre*- 



a. Remain the same. 

b. Decrease. 

c. Increase. 
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7, The current cliango was produced by a 
change in 



a« Redistanco* 

b. Capacitance* 

c* Capacitance Reactance, 

U. Voltage* 



CONFIRM YOUR ANSWERS, 



C^ Determine what effect a change In fre- 
quency has on a capacltive circuit, 

1« Using the circuit In figure Ul, adjust 
the amplitude of the sine wave until the 
output is e V AC at the output terminals of 
the sine wave generator^ 

NOTE: DO NOT TOUCH the ampli- 
tude control during the remainder of 
this objective. 

2. Set the output of the sine' wave generator 
to each of the frequencies listed and record 
the current. 



FREQUENCY 
200 Hz 
300 Hz 
400 Hz 



CIRCUIT CURRENT 

.mA 

mA 



-mA 



3, In a series capacitlve circuitanlncrease 
in frequency will (increase){decrease) cir- 
cuit current. 

4, In a capacitlve circuit the current change 
produced by a change in frequency is pro- 
duced by a change in 



a. Capacitance. 

b. Resistance. 

c. Reactance. 

d. Voltage. 



CONFIRM YOUR ANSWERS IN THE BaCKOF 
THIS GUIDANCE PACKAGE. 



D* Determine the effect of a change In the 
capacitance in a capacltive circuit. 

U Connect circuit as shown in figure 1-2. 



GENERATOR 
SET TO lOOH 



•t9 



:cToi 



Figure 1-2 



2. Set the frequency of the generator to 100 
Hz. Set ClOl to ,5mF, 

3« Adjust sine wave amplitude until the 
ammeter indicates 4 mA* DO NOT CHANGE 
the FREQUENCY or AMPLITUDE controls 
during the remainder of this objective. 

4. Set ClOl to the values shown and record 
the circuit current. 



ClOl SETTING 
(I) .5mF 
{2) AiiT 

(3) .3mF 

(4) .6mF 



CIRCUIT CURRENT 



^ mA 
_mA 
^mA 
^mA 



5. A decrease in capacitance in a series 
capacitlve circuit will cause the current to 
(inc rease)(dec r ease) . 

6, The change in circuit current was pro- 
duced by a change in 



a. Voltage. 

b. Resistance. 

c. Frequency. 

d. Capacitlve reactance. 



CONFIRM YOUR ANSWERS IN THE BACKOF 
THIS GUIDANCE PACKAGE. 
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MODULE SELF-CHECK 

1, Indicate which of the following are truo 
(T) or false (F) concerning the physical char- 
acteristics of capacitors. 



^— a. Ceramic capacltorSfforthesame 
values, are larger than air dielectric 
capacitors. 

^^^^ b. Two conductors separated by 



space form a capacitor. 



—^^^ c. A mlcatrlmmer capacitor varies 
capacitance by varying plate area. 

r d. An air type variable capacitor 



varies capacitance by varying dielectric 
thickness. 



e, A paper capacitor uses foil plates 



^(5 5' 



>- — ^> h. Capacitors are rated according 
to the amount of voltage the dielectric will 
withstand without breakdown. 

1. A capacitor marked 600 V OC 



can take 450 V AC without damage, 

J. Total capacitance of two capaci- 
tors In series Is greater than either capaci- 
tance alone. 



k. Capacitors connected In parallel 

will Increase total capacitance, 

I. Capacltlve reactance Is the oppo- 
sition a capacitor offers to alternating 
current. 

.m, Capacltlve reactance Is usually 



expressed In microfarads. 



and a paper dielectric. 



f. Electrolytic capacitors are nor* 
mally polarized. 

2. Indicate which of the following are true 
(T) or false (F) concerning the electrical 
characteristics of capacitors. 



3, In a capacitor, current and voltage are 

a, 180' out-of-phase with current 

leading voltage. 

b, 90*^ out-of-phase with current 



leading voltage. 



a. Capacitlve reactance opposes a 

change In current. 



c, 90" out'of-phase with voltage 



leading current. 



b. Electrostatic lines of force go 

from the negative plate to the positive plate. 

—^^^ c. The force between two charged 
bodies increases as the distance between 
them increases. 



d, 180^ out-of-phase with voltage 



leading current. 



4, Increasing capacitance will cause 
capacitlve reactance to 



d. The amount of charge storedlna 
capacitor Is directly proportional to the 
applied voltage and capacitance, 

e. A farad is the xinlt of measure 



of capacitance. 



f. Capacitance is inversely pro- 



portional to dielectric thickness. 



g. A charged capacitor offers 
infinite opposition to alternating current. 



a. Increase, 

b, decrease. 



5, Increasing frequency 
capacitlve reactance to 



a. Increase. 

b, decrease. 



will cause 



ERLC 



214 



G, Solve for the following using the circuit 
values riiown. 



7. Solve for the following using the circuit 
values shown » 



Cl .05 ^lF 

C2 J_ J_ C3 
.025 ^lF-^ T*-025 ^lF 



lOOV 
6 kHz 




CI .3 ^lF 

-H(— t 



212V C2 J_ _L C3 



20 kHz 0.1 ^xF 



0.2 ^lF 



CONFIRM YOUH ANSWERS IN THE BACK OF THIS GUIDANCE PACKAGE. 
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MAONETISM 
MODULE 13 

Thla Guidance Package la dealgned to guide you through thla module of the Electronic 
Principles Course. It contains specific Information^ Including references to other resources 
you may study, enabling you to satisfy the learning objectives. 

CONTENTS 



TITLE PAGE 

Overview 1 

List of Resources 1 

Adjunct Guide 1 

Module Self-Check 3 

Answers S 



OVERVIEW 

1. SCOPE: This module will explain the characteristics and terms of magnetism as they 
relate to the study of electronics. 

2. OBJECTIVE: Upon completion of this module you should be able to satisfy the following 
objective: 

a^ Given a list of statements about magnetism^ select the one which describes 

(1) poles. (4) permanent magnet. (7) reluctance. 

(2) magnetic field. (5) retentlvity^ (8) electromagnet. 

(3) flux density^ (6) permeability^ (d) magnetic Induction. 



LIST OF RESOURCES 

To satisfy the objectives of this module, you may choose^ according to your training^ 
experience^ ar^d prefei^ence^ any or all of the following: 



READING MATERIALS: 
Digest 

Adjunct Guide with Student Text, Vol II 



AUDIOVISUALS 

Television Lesson^ Magnetism, TVK 30-165 
Audio Tape, Magnetism, NIK 0207 ADC 
Audio Tape^ Magnetic Fields^ NIK 0208 ABC 



SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE 
SELF-CHECK. CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE, 



Supersedes KEP-GP-I3, dated 15 April 1975, Existing stock may be used. 
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ADJUNCT GUIDE 
MAGNETISM 

Instructions: 

Study the r«fer«nced materials udlr^cted* 

Heturn to this guide and answer the 
questions « 

Conflrtn your answers In the back ol this 
Guidance Package, 

U you experience any difficulty, contact 
your instructor* 

Begin the program. 



A, Turn to Student Text, Volume U and 
read paragraphs 3-1 through 3-10, Heturn to 
this page and answer the following questions* 

1, Indicate which of the following are true 
{T) or false (F), 



is very visible. 



a. Magnetism, like electricity 



b. Magnetism has been known 



for centuries. 



c. Although we can see how 

magnetism works, we don't know the full 
details as to what causes it. 



- d. Magnetism is defined as that 
property of a material that enables it to 
attract iK>n*ferrous material. 



e. Some magnetic materials are 

iron, steel, nickel and cobalt, 

■ f. Magnets can be classified 

as natural or artificial. 



g. Natural magnets can be either 



temporary or permanent. 



h. The ability to retain magne- 



■ — i, A material with low 
retentivity could be made Into a permanent 
magnet. 



■ » — j. The concept of LINES OF 
FLUX is directly opposite of LINES OF 
FORCE. 

% k. Magnetic lines of force leave 



the north pole and enter the south pole. 



1. Magnetic lines of forceform 



a closed loop, 

■ m. Like poles will attract each 

other, 

• ■ n. Permeability is the ease with 

which magnetic lines of force are distributed 
throughout the core material. 



— 0, A compass Is a practical use 

of the directional characteristics of a magnet. 



p. Iron filings can be used to 

show the pattern of magnetic lines of force. 



q. Magnetic lines of force 

are more concentrated in a region midway 
between the north and south poles on any 
magnet regardless of its shape, 

2, Which of the following are NOT char- 
acteristics of magnetic lines of force? 



a. Continuous and always form 



closed loops, 

, b. Can pass through all 
materials. 



. c. Are abletocrossoneanother, 

d. Tend to shorten themselves, 

■ e. Always enter or leave a mag- 

netic material parallel to its surface, 

3. Indicate which of the following are true 
(T) or false (F). 



tism is called retentivity. 



a. One theory of magnetism is 



called the Domain Theory, 
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b. According to the Weber Theory, 

the molecular magneta will neutralize each 
other when they are aligned. 

, c. The Domain Theory Is based 
on the electron spin. 

■ d. A group ofmagnetlcatomsia 

kno^n as a domain. 

e. Domains In any substance 

^111 never be magnetized to saturation. 

f. The domains will line up 

when an external field is applied. 

, g. The stroking of an unmag- 

netized bar of iron by a magnet is called 
magnetic induction and ^lU magnetize the 
bar. 

. h. If a bar magnet is broken in 

half the two new poles formed will repel 
each other. 

CONFIRM YOUR ANSWERS 



B. Turn to Student Text Volume II and 
read paragraphs 3*20 thru 3-36. Return 
to this^ page and answer the following 
(Questions* 

1* Indicate which are true (T) and wliicharc 
false (F) concerning electromagnetlsm. 

. a. It is capable of exerting 

mechanical force* 

I b. Some examples of present 

day use Include the starter solenoid, and 
the door bell. 



c. Wrapping a current carrying 

conductor uround a soft iron bar will make 
an eleetL-On)aguet. 

d. A straight piece of v^ire 

carrying an electric current has a magnetic 
field around the wire. \ 



The magnetic field can be 

reversed by reversing the direction of cur* 
rent flow. 

f. The LEFT-HAND RULE can 

not be used to determine the direction of 
the magnetic field. 

— ^ — I g. The strengtli of a nugnetic 
field can not be increased by adding more 
loops or turns while keeping the cunent 
constant. 

h. Ail electromagnet can be 

ec^ulvalent to a bar magnet. 

i. Tive north pole can be found 

by uslhg the LEt'T^HAND THUMB RULE. 

The strength of the mag* 

netic field can be Increased by increasing 
the current . 

The number of magnetic lines 

(llux density) can be found directly by 
multiplying the current in amperes by the 
number oi turns. 

2. Con^iaer two electromagnets using Identl* 
cal cores. COil A has 100 turns and a cur* 
rent of 1 ampere flowing thru it. Coll B 
has Only lO turn±5 aiid 10 amperes of cur* 
rent. Pick the correct statement concerning 
those two eU-ctrom^nets . 

- a. Coil k has th^ stronger 
magnetizing ^Drce. 

b. Coil B nas the stronger 

magnetizing force 

c. Both fields are equal* 

— d. Unable to determine » 

3* Which of the following best describes 
magnetic saturation? 

a. AS Current increases the 

number of hnes increases. 

b. AS Current increases the 

nuioDer of lines oecreases. 
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Ct Ad currdnt Incr^aB^a thcuum* 



ber of Un€S no longer Incr^aaea. 



4. Indicate which of the following are true 
(T) or false (F). 

a. The magnetic field of an 
electromagnet is concentrated In the interior 
of the coil. 



b, Flux density is the total 



number of magnetic lines inside a coil. 



, c. The number of magnetic lines 

inside the coil depends on the type of core 
material used. 



d, A core material with a high 

permeability will have less lines than one 
with low permeability. 

, . e. Flux density is directlypro- 

portiohal to the current and to the per* 
meabiUty of the core. 

CONHRM YOtJR ANSWERS 



YOU MAY STUDY ANOTHER RESOURCE OR 
TAKE THE MODULE SELF-CHECK, 

MODULE SELF-CHECK 

MAGNETISM 

QUESTIONS: 

1, Indicate which of the following are true 
(T) or false (F), 

— a. Magnetism, like electricity, 



is a force which we can all see. 



b. We really don't know what 



causes magnetism. 



c. Magnetism is a property of 

Certain materials to attract ferrous materials, 

d. Iron, steel, nickel, cobalt and 



e. Natural magnets areinmore 



common usage than artificial magnets* 



f. Magnetic lines of force never 



cross each other. 



g. Magnetic lines of force leave 



the north pole. 



h. Magnetic lines offorcemake 



closed loops. 



U Like poles attract each other. 



j. Magnetic lines leave a mag* 



net at right angles to the surface. 



k, Reluctance is the opposition 

of a material to pass magnetic lines of force. 



1. A soft iron bar has a greater 



reluctance than air. 



.m. Two types of magnets are 



natural and artificial, 

2. In the figure below, the polarities of 
the magnet ends are: 



a, 2 and 3 north, 

b, 1 and 4 north, 

c, I and 3 south, 

0, 2 and 4 opposite. 



3 4 



3. In the diagram shown, the north poles 
are: 



a. 


A and D, 


b. 


B and C, 


c. 


C and A* 


d. 


D and B, 



copper are magnetic materials. 
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4* What term Is used to describe the ease 
with which magnetic lines of force will pads 
through a material? 



a* Permeability* 

b. Retentlvlty. 

c. Reluctance 4 
d* Force, 



5. A permanent magnet Is a magnet that: 

^ a. Retains Its reluctance, 

b. Loses Its retentivlty« 

c. Retains Its magnetism* 

■ d. Loses Its permeability. 

6, Residual magnetism is defined as: 



a. The ease of flux flow in a 



permanent magnet. 



b. The opposition offered to mag' 



netic lines of force* 



c* A smaUamountof magnetism 
remaining aiter the magnetizing force has been 
removed from a permanent magnet. 



. d. Magnetism that remains ina 

substance after the magnetizing force has 
been removed. 

7, What are the basic laws of magnetism? 



a. Like poles repel * unUke 



poles attract, 

b. Like poles attract - unlike 

poles repel, 

8* Parallel magnetic llnesofforcetravellng 
In the same direction one another. 

a. Cross, 

b. Repel, 



c* Attract* 
d* Unite with* 



B> What theory of magnetism assumes all 
magnetic substances are composed of small 
molecular magnets? 



a* Coulomb's Theory, 

b, Weber's Theory. 

c, The Domain Theory, 

d, Edison's Theory, 



10, In the figure shown the direction of 
magnetic lines of force surrounding the 
conductor Is: 



a. Clockwise (CW), 

b. Counterclockwise (CCW)* 




11, In the figure the north pole of the coll 
Is 



a, A 

b, B 



B 



12, The product of the number of turns In a 
coll times the amperes Is called: 



a. Ampere-turns. 

b. Turns ratio. 

c. Ampere capacity. 

d. Saturation, 



13. Indicate which of the following are true 
(T) or false (F), 



a. Flux density Is the number of 



magnetic lines per unit area. 
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, b. An air core wtll have a higher 

flux density than soft iron for tho same cur- 
rentp turns and area. 

c. Increasing the number of 
turns with the same current will increaso 
the flux density. 

d« A magnetic field will sur* 
round any current carrying conductor* 

■ e. An electromagnet consists of 
a current carrying conductor wrapped around 
soft lron« 

— ■ t* In the left-hand thumb rule 
the thumb point to the south pole If 
the fingers point in the direction of current 
flow. 

g. The strength of an electro- 
magnet is increased as current is increased. 



£L/3 

- , h. Magnetic saturation Is 
reached when an Increase in current will 
no longer cause an Increase In the number 
of magnetic lines. 

- 1. An electromagnet of 12turns 
passing .tSA is stronger than one of only 
one turn and passing lOA. 

* ]. The magnetic field is most 

intense inside a coll. 

- k. Rubbing a magnet over a non- 
magnetized iron bar will magnetize the bar 
by Induction. 

1. Changing the polarity of DC 

to an electromagnet will not change the 
location of Its north pole« 

CONFTRM YOUR ANSWERS 
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ANSWERS TO A 


■ ADJUNCT GUIDE 


1< a< F 




F 


m. 


F 


b* T 


h. 


T 


n. 


T 


T 


1 




V 4 


T 


vi* r 


1 


r 


V' 


T 


e, T 




T 


q. 


F 


I. T 


L 


T 






2. c and e 










3. a. T 




T 


s- 


T 


b. F 


e< 


F 




F 


c, T 


I. 


T 






It you missed 


ANY 


questions, review 


the material before you continue. 



ANSWERS TO B - ADJUNCT GUmE 



1. 


a. 


T 


e. 


T 


1. 


T 




b. 


T 


t. 


F 


i. 


T 




c. 


T 


S- 


F 


k. 


F 




d. 


T 


h. 


T 






2. 


c 












3. 


c 












4. 


a. 


T 


c. 


T 


e. 


T 




b. 


F 


d. 


F 







If you missed ANY questions* review 
the material before you continue. 



ANSWERS TO MODULE SELF-CHECK 

1* a* F h* T 

b, T i. F 

T j* T 

d. F k. T 

e. F 1. F 
f* T nu T 

T 

2. c 

3. b 

4. a 

5. c 

6. d 

7. a 

8. b 

9. b 

10. b 

11. b 

12. a 

13. a. T B- T 

b. F h. T 

c. T 1. F 

d. T J. T 

e. T k. T 

f. F 1. F 



HAVE YOU ANSWERED ALL OF THE QlTKSTIONS CORRECTLY? IF NOT, REVIEW THE 

Material or study another resource until you can answer all the questions 

CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER INSTRUCTION. 
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MODULE 14 



INDUCTORS AND INDUCTIVE REACTANCE 

This Guidance Package (GP) is designed to guide you through this module of the Electronic 
Principles Course, It contains a specific information, Including references to other resources 
you may study, enabling you to satisfy the learning objectives. 



CONTENTS 

Page 

Overview 1 

List of Resource£j 1 

Adjunct Guide 1 

Laboratory Exercise 15^1 4 

ModuU Self.Check 6 

Answers 8 



OVERVIEW 

1, SCOPE: This module will define 
inductance and show the construction of 
inductors, and explain their characteristics 
in electronic circuits, 

2, OBJECTIVES: Upon completion of this 
module you should be able to satisfy the 
following objectives: 

a. From a group of statements, select 
the ones which describe the physical 
characteristics of an inductor, 

b. From a group of statements, select 
the ones which describe the electrical 
characteristics of an inductor, 

c. From a grOup of statements, select 
the one which describes the phase 
relationship of current and voltage in an 
inductor , 

d. Given a list of statements^ select the 
ones which describe tiie effect of varying 
frequency and inductance on inductive 
reactance. 

e. Given the signal frequency^ formulas, 
and the value of three inductors in a series-* 
parallel configuration* compute the total 
inductance and the total inductive reactance. 



LIST OF RESOURCES 

To satisfy the objectives of this modulei 
you may choose^ according to your training, 
experience, and preference, any or all of 
the following: 



READING MATERIALS; 
Digest 

Adjunct Guide with Student Text II 



AUDIO VISUALS; 

TVK-30-205t Inductance 
TVK-30-253, Inductance and Inductive 
Reactance 



LABORATORY EXERCISE: 

Inductors and Inductive Reactancet 14-1 

Uf through training or experience* you 
are familiar with this subject matter* take 
the Mc,dule Self*Check. If not, select one 
of the resources and begin your study. 



Supersedes KEP-GP^14, 1 May 1975, Previous editions will be used until stock is exhausted. 
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ADJUNCT GUIDE 

INaTELiCTIONS: 

Study the referonceUmaterUlsjasdirectecL 

Return to this guide and answer the 
questions, 

Confirm your answers in the back of 
this guidance package. 

If you experience any dlfficuUyi contact 
your instructor. 

Begin the program. 



d, (I) 



(2) 




A/7 




T 



, „iAm CORE 
A 

IRON CORE 



REP4-^9S 

2. An electrical characteristic of an 
inductor is that an inductor opposes a 

due to 

counter EMF, 

3. The requirements for an induced voltage 
are: 



A. Turn to student textt volume IL and 
read paragraphs 3^37 through 3^48, Return 
to this page and answer the following 
questions. 



1. Select the coil that would have the greatest 
amount of inductance. 



a. (1) 



(2) 



(2) 



(2) 



T 



a, 



CONFIRM VOUR ANSWERS, 



B, Turn to student textt volume U, and 
read paragraphs 3-49 through 3-54, Return 
to this page and answer the following 
questions, 

1^ Compute the total inductance in the 
following series circuits using 



a, = 



® 



b. L. 




srcTL. 



.SH 



53irH 



20H 



lOH 



BEP4-99e 
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2. Cutiiputc tliu total Inductance In the 
(ollowiug parallol circuits using 



-t 1 1 

r— + r— ♦ r— ♦ . * * » 
Lj 




8H 



16H 



16H 






12H 


20H r 




^ i 


» 1 



30H 



3. Compute the total inductance in the 
following series -^parallel circuits. 




,20H 



30H 



mnrL 



12H 



I2H 



CONFIRM YOUR ANSWERS* 

C, Turn to student text, volume 11. and 
read paragraphs 3-55 through 3-70, Return 
to this page and answer the following 
questions. 



1* Finish the statements* 

a. The symbol for Inductive reactanco 
Is . 

b* The unit ot moasure ol inductive 
reactance is . 

c* The two variables which ajfect 

inductive reactance are 

and 

The formula for inductive reactance Is 
Xl = 6.28 fL. Solve (or Inductance and 
inductive reactance In each circuit below. 




4H 



60 Hi 



i6H 



70H 




AmH 



JTCOl 

3m H 



,3mH 



REP4'999 



3. Compute the total inductance and the 
total inductive reactance for each circuit 
below; 



H'T — r 



2 
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REPA^lOOO 

4. Compute the total inductance and the 
total inductive reactance for each^ circuit 
below. 




' uuuu 

CONFIRM YOUR ANSWERS, 



c2/ 

Turn to f^tudcnt text* volumo 11* and 
read paragraph 3*71 through 3*83* Return 
to this page and answer tho following; 
questions. 

It Select the dedcription which identifies the 
typo of core the Inductors have* 



b. pnfr| 




(1) Fixed magnetic core, 

(2) Air core* 

(3) Variable magnetic core, 

2, For each type of inductor loss, listed 
beloWi state how It can be reduced, 

a. Copper loss:. 



b. Hysteresis loss; 



c, Eddy currents: 



3, Give the physical characteristics of each 
type of inductor listed below. 

a. Power: 
(1) Core type - 



(2) Physical size 



(3) Wire size - 
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b. Audio: 
(1) Core type 



(2) Physical size - 



(3) Wire size - 



(4) Wmdlng style - 



RF; 

(1) Ccore style - 



(2) Physical size - 



(3) Wire turns - 



(4) Winding style - 



CONFIRM YOUR ANSWERS, 



LABORATORY EXERCISE 14-1 
OBJECTIVES: 

K Determine what effect a change in voltage 
has on aji inductive circuit. 

2. Determine what effect a change in 
frequency has on an inductive circuit. 

3. Determine what effect a chimge in 
inductance has on an inductive circuit. 

ERIC 



EQUIPMENT: 

1. AC Inductor and Capacltive Trainer* 5967 

2. Sine Square-V/'ave Generator* 4864 

3. Meter Panel (O-IO, 50. 250 ACmA}« 4566 

4. AN/PSM-6 



REFERENCES: 

1. Student text* volume IL paragraphs 3-49 
through 3-71. 

2. Test Equipment Operating Instructions 
book. 

CAUTION; OBSERVE BOTH PERSONNEL 
AND EQUIPMENT SAFETY RULES AT ALL 
TIMES. REMOVE WATCHES AND RINGS. 



PROCEDURES: 

A. Preparation o£ the trainer and test 
equipment. 

I. PSM-6; 

a. FUNCTION switch - ACV-lkohm/V 

RANGE switch - 50 V 



2* AC Inductor and capacltive trainer placed 
on T bench before you. 



3. Sine Wave Generator: 

a. Plug into llO-volt source. 

b. SQUARE WAVE AMPLITUDE - ON 
slighQy clockwise (CW). 

c. aNE WAVE AMPLITUDE control - OV 
(fully CCW). 

d. SINE WAVE RANGE control - 10 V. 

e. FREQ MULTIPLIER control - 10. 

f. FREQUENCY (CPS) dial - 30. 
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B* DL'tt^riiilnu wliut cffoct u cliangc involtat^e 
has on ;m Inductlvt} circuit. 



7, The current change was produced by 
a change in: 



Cot\nect tho Inductive cin:uit as shown 
in the figure below. 

Sim wave generator sot to 300 Hz^ 



10 mA AC 



L102 
• 5 H 



2* Set the frequency of the sine wave 
generator to 300 (FREQ MULTIPLIER to 
10 and FREQUENCY dial to 30). DO NOT 
TOUCH the frequency controls during the 
remainder of this objective, 

_Jl^Adlust_th e amplitude nf_ the sine w ave 
output to 5 V AC at the output terminals 
of the sine wave generator, Measure ^th 
the PSM-6, 

4, Read ad record the circuit current, 



Frequency at 300 Hz, E^ = 5V 



mA. 



5. Adjust the amplitude of the sine wave 
output to lOV AC at the output terminals 
of the sine wave generator. 

Frequency at 300 Hz. E» = lOV 



mA. 



6. hn increase in Ea in an inductive circuit 
will have what effect on circuit current? 



a. Remain the same. 

Increase, 
c. Decrease. 



a, Heaidtance, 

b* Inductance-, 
^c. Reactance. 

d> Voltage, 
CONFIRM YOUR ANSWERS, 



C. Determine what effect a change in 
frequency has on an Inductive circuit, 

L Using the figure above, adjust the 
amplitude of the sine wave until the output 
is lOV AC at the output terminals of the 
sine wave generator, NOTE; DO NOT TOUCH 
the amplitude control during the remainder 
of this objective. 

2. Set the output of the sine wave generator 
of each of the frequencies listed and record 
-the current* 



FREQUENCY 



200Hz 



CIRCUIT CURRENT 



mA 



300 Hz 
500 Hz 



mA 
mA 



3* In a series inductive circuit an increase 
In frequency will (INCREASE) (DECREASE) 
circuit current, 

4. In an Inductive circuit the current change 
produced by a change infrequency is produced 
by a change in: 



a. Inductance. 

b. Resistance, 
c* Reactance, 
d. Voltage. 



CONFIRM YOUR ANSWERS. 
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D. Determine the effect of a change in 
the Inductance in an Inductive circuit. 

1. Connect circuU as shown in the figure 
below. 

Sine wave generator set to 100 Hz. 




0 - 10 mA AC 



2. Set the frequency of the generator to 
100 Hz. 

3. Adjust sine wave amplitude until the 
ammeter Indicates 4mA. DO NOT CHANGE 
the FREQUENCY or AMPLITUDE controls 
during the remainder of this objective. 

4. Replace L102 with LlOl and record 
circuit current, 

mA. 



5. Replace LlOl with L103 and record circuit 
current. 

mA, 

6. An increase In inductance in a series 
inductive circuit will cause the current to 
(INCREASE) (DECREASE). 

7. The changeinclrcultcurrentwasproduced 
by a change in: 

a. Voltage. 

b. Frequency* 

c. Resistanr^e. 

d. Inductive reactance. 



MODULE SELF-CHECK 
Questions; 

1. What are four physical factors which 
determine tho inductance of a coll? 

a. 



b. 



c. 



d. 



2. List the changes that must be made in 
each of the factors to increase the inductance 
of a coll. 

a. 



b. 



d. 



3, Calculate the total inductance of the 
circuit below. 




CONFIRM YOUR ANSWERS. ^ " 
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4. Compute tho total inductance of the 
following circuit* 




li K 



5. Indicate U the (oliowing are true (T) 
or false (F). ^ ' 

. ^' Inductance Is defined as the 

opposition to AC. 

The symbol (or inductance Is L. 

Counter EMF Is anopposlnglnduced 

voltage caused (or self- inductance. 

^- A magnetic field, a conductor, and 

current (low In one direction are required 
to Induce voltage. 

®' Increasing current causes an 

expanding magnetic field. 

Close spacing decreases the flux 

linkage. 

The unit of inductance Is the henry 

and the symbol is h. 

Inductors in series add. 

Inductive reactance Is the opposition 

to AC by a coil. 

j. The symbol for InducUve reactance 



iHfL, 

^' Frequency appUed to an inductor 
will affect Xl. 

, 1' H inductance increases. will 

also increase, ^ 

An inductor dissipates power. 

The permeability of the core 

material does not affect the inductive 
reactance. 



, Voltago loads current by 90" in 

an Inductor. 

fl* Find X^ whon a 20 kHz signal Is applied 
to a 3mH coU. 

^ a. 37.68 ohms. 

b* 378.8 ohms* 

. 37k ohms. 
cl. 3.768k ohms. 

fj* ^i'i? When a 400 Hz signal la applied 
to an 8 H coll. 

a. 200 ohma. 

b. 2 k ohms. 

^ c* 20k ohms. 

^ 200.96 k ohms. 

8. With the values given find: 

a. Total Inductance & 

b. Total 




9. Find total X^ for the circuit of question 
number fi when the frequency Is changed 
to 200 kHz. 



10. Three Inductor losses are: 
a. 
b. 



11- Three types of inductors 
a. 
b. 



are: 



CONFffiM YOUR ANSWERS. 
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ANSWERS TO A ADJUNCT GUIDE 



ANSWERS TO B LAB EX 14-1 



la, (2) b. (1) c, (2) d, (2) 

2. Change In current flow. 

3. A magnetic field* aconductor, and relative 
motion. 

If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO B ADJUNCT GUIDE 

la. *65H b. 30H 
2a. 4H b. 6H 
3a. 18H b. 12H 

If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO C ADJUNCT GUIDE 

la. X]^ b. Ohm 

c. Frequency and Inductance 
2a. 20 H and 7536 ohms 

b. lOmH and 62.8 ohms 
3a. 6 mH and 22.6 ohms 

b* 2H and 2512 ohms 
4a. 50H and 31.4 k ohms 

b. 21 mH and 7.9 ohms 

If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO D ADJUNCT GUIDE 

la. (2) b. (1) c. (3) 

2a. By increasing the conductor size 

b. By using high permeability material for 
the core. 

c* By laminating the core. 

2a(l) Laminated iron (2) Medium to large 
(3) Large 

b(l) Laminated iron (2) Small to medium 
(3) Small (4) Special winding techniques 

c(l) Air or powdered iron (2) Small 
(3) Few (4) Special winding styles 

If you misused ANY questions, review the 
material before you continue. 



4. It "1,4 mA (approximately) 

5. It » 2.8mA (approximately) 

6. b - Increase (It = E^/Xl) 

7. d 

If you missed ANY questions, ask your 
instructor for assistance. 



ANSWERS TO C LAP EX 14-1 

2. 2.5 mA (approximately) 
2.0 mA (approximately) 
1.5 mA (approximately) 

3. Decrease 

4. c 

If you missed ANY questions, ask your 
instructor for assistance. 



ANSWERS TO D, LAB EX 14-1 

4. 4.3 mA (approximately) 

5. 0.9 mA (approximately) 

6. Decrease 

7. d 

If you missed ANY questions, ask your 
instructor for assistance. 



ANSWERS TO MODULE SELF-CHECK 

la« Number of turns 

b. Length of coil 

c. Diameter of core (cross sectional, area) 

d. Type of core material 

2a« Increase number of turns* 
b. Decrease length 
c* Increase core dameter 
d. Use a core of a higher permeability 

3. 29 H 

4. 3H OOO 



8 



ANiJWKItii TO MODULE! SELF-CHECK 

9a. F b. T c, T d, F e. T (. F 
g, T h, T I, T 1, T 1, T m. F 
n. F 0, T 

6. b 

7. c 

fla. SH b. 626 k ohms 
9, 6.2flM ohms 



lOa. Copper b. Hysterostii 
c. Eddy current 

lla, Power b, Audio c. RF 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS C0RRECTLY7IF NOT, REVIEW 
THE MATERIAL OR STUDY ANOTHER 
RESOURCE UNTIL YOU CAN ANSWER ALL 
QUESTIONS CORRECTLY. IF YOU HAVE, 
CONSULT YOUR INSTRUCTOR FOR 
FURTHER GUIDANCE. 
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ELECTRONIC PRINCIPLES 



MODULE 15 



This Guidance Package Is designed to guide you through this module o( the Electronic 
Principles Cdurse* It contains specific information, including references toother resources 
you may study, enabling you to satisfy the learning objectives. 



Ove review 

Llat of Resources 

Digest 

Adjunct Guide 
Module Self Check 



Supersedes KEP-GP-15, 1 November 1973. Use existing stockj&rtlit^austed. 



CONTENTS 



TITLE 



PAGE 




ERLC 



OVERVIEW 



TRANSFORMERS 

1* SCOPE; This module wlUexplalntranaformeractionand ahow its construction und explains 
its characteristics and function in electronic circuits* 

2. OBJECTIVES: Upon completion of this module you should be able to satisfy the following 
objectives: 

a. Given a schematic diagram of a transformer with a resistive load| turns ratio, pri* 
aiary Input voltage^ and formulasi determine the 

(1) output voltage* 

(2) reflected impedance* 

(3) phase relationships between secondary and primary voltages. 

b. From their schematic representation^ identify air core, iron core, auto^ and multiple 
winding transformers. 

c* From ^ list of statements) select the procedures for checking open and shorted 
transformers. 



AT THIS POINT, YOU MAY TAK E THE MODULE SELF-CHECK. IF YOU DECIDE 
NOT TO TAKE THEMODULE SELF-CHECK, TURN TOTHE NEXT PAGE AND PREVIEW 
THE LIST OF RESOURCES. DO NOT HESITATE TO CONSULT YOUR INSTRUCTOR 
IF YOU HAVE ANY QUESTIONS. 
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LIST OF RESOURCES 

TRANSFORMERS 

To satlflty the objectlvee o( this module, you may choose, according to your training, 
experience^ and preference, any or all of the following! 

READING MATERIALS: 

Digest 

Adjunct Guide with Student Text 



SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE 
SELF-CHECK. CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE. 



DKSEST 



TRANSFOHMEHS 



A transformer is a device that transfers electrical energy from one circuit to another by 
electromagnetic induction* 

Transformer schematic symbols are drawn in reference to the construction. 



Air-core transformers are commonly used in circuits carrying radio-frequency energy* 

Iron-core transformers are commonly used in audio and power circuits* 

Multiple secondary winding types are commonly used in power supply circuits. 

Auto^transformers are used where we do not need the electrical isolation of separately 
insulated primary and secondary windings* 

A transformer can be connected to step-^up or step-^down voltage. The turns ratio of the 
primary to secondary will determine its use in the circuit. 

The behavior of ideal transformers can be calculated from the following set of basic 



COAE 





CENTER 
TAP 



ZilE 



equations: 



Voltage*Turns relationship 




Voltage-Current relationship 




Current-Tums relationship 




Impedance- Turns relationship 




Impedance-Voltage relationship 




Impedance- Cur rent relationship 




Conservation of Energy relationship 



pri = sec 
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DIGEST 



From the schematic representation you can determine the phase relationship between 
secondary and primary voltage* The sense dots Inthe schematic Indicate the ends of the windings 
which have the same polarity at the same instant of tlmo. 



The phase of the output voltage can be reversed tiy reversing the direction of one ofthe 
windings^ or simply by reversing the leads to one of the windings. Where it is necessary to 
keep track of the phase relationship in a circuity we marie one end of each winding with a 
sense dot* 

An ohmmeter can be used to determine whether ^ transformer Is open or shorted by com^ 
paring the resistance of the windings to a known specification. The best way to check a trans^ 
former is to apply the rated input voltage and compare the measured output voltage to its 
specification. 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 





ADJUNCT GUIDE 



THANSFOPMEnS 



INSTRUCTIONS: 
Stuc^ the referenced materials directed* 
Return to this guide andandwer the questions. 

Check your answers against the answers at the top of the next even numbered page following 
the questions, 

U you experience ar^ difficulty, contact your Instructor, 
Begin the program. 



ERLC 




ADJUNCT GUIDE 

A« Turn to Student Text, Volume lt| and read parattraphfl 4-1 through 4-12, Return to this 
page and answer the following questions, 

U Three requirf^ments for olectromagnotlc Induction are: 

a« 



c* 

2, Define: 

a* Self-induction: 

Mutual induction: 
c« The unit of measurement of inductance, the Henry: 
d* Flux linkage;. 

3, a, A transformer is a device that transfers electrical energy from one circuit to 

another 



b. The winding that is connected to the source is called the winding* 

c. The winding that supplies energy to the load is called the winding, 

CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE, 



B, Turn to Student Text, Volume 11^ and read paragraphs 4-13 through 4*30, Return to tiiis 
page and answer the following questions, 

1, Identify each transformer schematic representation as to air core. Iron core, auto, 
or multiple winding* 

■■ 31 IC 



6 

242 
ERIC 



ADJUNCT GUIDE 



b. 



c. 



d. 



3 E 



1 






REP4-1006 



Determine the turns ratio of each transformer pictorial diagram, 

a, 



10 

turns! 



2 

TURNS! 

r 



^ 3 
frURKd 



6 

TURKS 

r 



REP4''100? 

Given a schematic diagram of a transformer with a resistive load, turns ratio, 
primary Input voltage^ and formulas, determine the output voltage. 



N C 
P 



a, C - 
s 



b. E^v 



|20 



1 : 3 




2:1 



lOOQ 



:iKQ 
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ADJUNCT GUIDE 



ANSWERS TO A. 

1, a. A magnetic lleld. 

b. A conductor. 

c, Helatlve motion between the field and conductor. 

2, a. Self*lnductlon Is the process by which the magnetic field of a conductor Induces a 

CEMF in the conductor Itself. 

b. Mutual Induction is the action of Inducing a voltage In one circuit by varying the cur^ 
rent In some other circuit. 

c. A Henry is the Inductance In a circuit which Induces an EMF of one volt when the cur 
rent Is changing at a rate of one ampere per second. 

d. Flux linkage Is the interlocking of magnetic lines of force; it Is those magnetic lines 
around one coll or wire which link another coll, or wlre^ 

3, a* electromagnetic Induction 
b* primary 
Cr secondary 

If you missed ANY questions, review the material before you continue. 



4, Given a schematic diagram of a transformer with a resistive load, turns ratio, 
primary input voltage^ and formulas^ determine the reflected impedance. 

p s *N ' 
s 



)0 : S 
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ADJUNCT GUIDE 

9, Determine! the {diase relationship Iwtween aecondaty (E^) and prlmaty (E ) voltages , 
for each transformer. 



a. 



phase 



Ep 



Es 



b. 



phase 



Ep 



Es 



c. 



phase 



Ep 



Es' 



P£P4*I009 



co^^F^RM your answers on the next even numbered page. 



C, Turn to Student Text, Volume II, and read paragraphs 4*31 through 4-35. Return to this 
page and answer the following questions. 

1, When troubleshooting a transformer with an ohmmeter, a secondary resistance 
reading of OOA would indicate a/an (open) (shorted) secondary, 

2. If the rated input voltage is applied to the primary of a step-dOwn transformer and a 
measurement of the secondary is low, you would assume that the secondary has 
(open) (shorted) winding. 

CONFIRM YOUR ANS>VERS ON THE NEXT EVEN NUMBERED PAGE, 



***** 
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ANSA^ERS TOB: 



1. 


a. 


Iron Core 




b. 


Air Core 




c. 


Multiple winding - Iron Core 




d. 


Auto transformer - Iron Core 


2. 


A. 


5:1 




b. 


1:2 




Aw 


10 V 

vU w 




b. 


100 V 


4. 


a. 


40 Jl 




b. 


100 . 


5. 


au 


Uo degrees out of phase 




b. 


ln-t>hase 




c. 


160 degrees out of phase 



If you missed ANY questions, review the material before you continue. 



ANSWERS TO C: 

1. open 

2. shorted 

U you missed any questions, review the material before you continue. 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 
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MODULE SELF-CHECK 

TftANSFOAMEna 

QUESTIONS: 

I, Indicates which of foUowlng are tnie (T) or false (P), 

Two types of electromagnetic induction are seU and mutual, 
..—b. Mutual induction has to do with transformer action. 
,.„c. The aymbol for mutual induction is ^^mu." 

d. The symbol for self Induction Is ^^L," 

e. A transformer wUl transfer electrical energy from one part of a circuit to another 
by direct means, 

f. Transformers must use a changing current source, 

g, A transformer wUl have at least two windings called a primary and a secondary, 

_^ h. More than one secondary may be used. 

_ 1, Air, iron, copper, and aluminum are types of core material whlcti can be used 
for audio and power transformers, 

1, Laminated Iron Is used as a core for RF transformers to eliminate hysteresis 
losses, 

k. Laminations are insulated one from the other. 



1, When 100% of ttie primary flux lines cut the entire secondary winding, the 

coefficient of coupling Is one. 



2. Match the following figures with the proper name. 

a. Multiple winding 

b, RF 

c, Autotranaformer j 

d. Audio 



3^ 



3. 



"iiir 




2. 



4. 

REP4-1010 



3. Indicate which waveshape is correct for when the input is as shown. 




KBP4-J01J 
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MODULI*; SL:LF-Cni:;CK 

4. A traneformor with turns In tho primary and tOO V AC applied will huve 
voltfi In the 16/)QQ turn aficondary* 

5* The transformer in question H is a 
a« step-up. 
b. atep^down. 

6. Find the reflected Impedance in the circuit shown. 



d. 10000 ^ 

7. Indicate which of fcAlowtng are true (T) or false (F) concerning tranaformers. 
_^a. An bhmmeter can be used to check for opens and shorts* 

b. A voltmeter can NOT be used for checking shorts, only opens. 

_^c. A voltmeter may be used to determine U a transformer Is step-up or step-down^ 

_»d. A step^down ratio would be indicated if the primary measured 58 ohms while the 
secondary is 4 kllohms, 

e. Shorted secondary turns would be the trouble if the primary voltage was 120 V 
and the secondary was 4 V instead of the 5 V it should be, 

f. The secondary resistance is higher than the primary resistance for a step-up 
transformer, 

8. What is the trouble indicated in this circuit. 

a. Open primary 



a, 10 




b. 100 



c, 1000 



c. Shurted primary 



b. Open secondary 




d. Open resistor (R). 



9 1 



0. Indicate tho poeialblo trouble in thtfl circuit* 
fl . Open primary 
.,. „ b. Shorted primary 5400*^ P- 

Open secondary 
dt Shorted secondary 
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MODULE SELF-CHECK 



CONFIRM VOUR ANStVERS ON THE NEXT EVEN NUMBERED PAGE. 
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module: SELF-aiECK 



ANSWERS TO MODULE SELF-CHECK: 


1 1 

U ft* 


I 






I 


* T It* 


c> 


r 




ft 
Q* 


I 


n* i i« 1 


2, a. 


3 




b. 


1 




c* 


4 






2 










4, 1 kV 




5, a 






6. c 






7, a. 


T 


d. F 


b. 


F 


e. T 


c* 


T 


i. T 


b 






9, c 







HAVE YOU ANSWERED ALL OF THE QUESTIONS CORRECTLY? IF NOT. REVIEW THE 
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL QUESTIONS 
CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER GUIDANCE. 

■,VIILi.C<W«ilttinrilKTII«MfK(: 197^i7t-IS9/i« 
ATC 1^9 
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Basic & Applied Electronics Department PT 3AQR3X020-X 

Keesler AFB, Mississippi KEP-PT-15 

1 January 1975 

ELRCTRONIC PRINCIPLES 
TRAMSPOtU-ERS 

This Illustrated Programmed Taxt la dealgned to ald^ in the study 
of Transformers. Each page contains an Important idea or concept to be 
under3Coodj2fi£flC£ proceeding to the next. An Illustration for each 
objective Is presented to clarify what la to be learned. 

At the bottom of each page, thera are a few queatlons to bring out 

the main points. These are Indicated F^^^"^^"' ' ' ~~ 

It Is hoped that these questions also aid |]q-1 or Q-2 etc.. 
In understanding the subject a little better. 

Tha snsw4ra to these <|ue9tlons will be found on the top of a 

following page. Indicated as i 

Short comments may follow the I A^t or A*2 etc., 
answers to help understand why | 
a question may have been missed. 



INDEX 



Introduction & Definition.... 1 

Electrical Pouar 2 

Power Distribution System.... 3 

Power Line Losses ^ 

Basic Construction 5 

Transformer Action 6 

Primary & Secondary 7 

Turns*Ratlo 8 

Schematic Symbols 9 
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Typea & Schematics 12 

Current Calculations 14 

Practice Problems 15 

Power Losses 16 

Voltage^Current Calculations. 17 

Autotransformers IS 

Maximum Power Transfer 19 

Impedance Hatching 21 

Reflected Impedance 23 

Phase Relationships 25 

Troubleshooting 26 

Summary 30 



OBJECTIVES 

Upon completion of this module, 
you should be able to satisfy the 
following objectives: 

a. Given a schematic diagram of a 
transformer with a resistive 
load, turns ratio, primary 
Input voltage, and formulas, 
determine the 

(l) output voltage. 

(2> reflected Impedance. 

(3) phase relationships between 

secondary and primary volt-^ 

ages. 

b. From their schematic representa-^ 
tlon. Identify air core. Iron 
core, auto, and multiple wind- 
ing transformers. 

c. From a list of statements, 
select the proceedures for 
checking open and shorted 
transformers. 



Supersedes KEP-PT-15, 1 September 1974, previous edition obsolete. 



K smnll transistor radio contains 5 transformers^ wlillc n Radar nystcni 
my contain 50* Clnnt distribution trnnsformcra make tbc trnnsTnlsAlon of 
AC electrical power posalblOi and eub-mlnlnture trnnaformcrs, opcrntlnj; at 
hlr.b frofiuenclesi transfer radio fllRnnls between conplcx electronic clrcultfj. 

From hlRh fidelity stereo equipment, to nlrCrnft nnd mlrtfllle fltrjit Coti* 
trol flVfitenn* the tcansfomor performs a variety of simple nnd complicated 
tasks. It in reliable, and wastes llttle-or-no power while operntlnp,. 

Television sl^^nala arrive at a trandformer direct from the antenna, and 
at the same time another type Is developing hlf^h voltaf*es which the picture 
tube requires* And another Is dellverlnft sound signals to the speaker. 

From Its simple beftlnnlnn* an entire Industry hafi f^rown to meet tho 
never-endlnr. demand for new ;ind higher quality transformer!?. 

This Is a study of the basic uses, types, operating prlnclplefip needs, 
calculntlonsi and troubleshooting of transformers. 




■ ^nc o( ilie .luVtiiita^os of AC over DCi is tiie ■iblltt"' to rai^c t»c iovrc 



t.ic voltaj^t' Icvclii of AC powof , thru the use of cloctrical triiii;ifon;.i^r^ , 
ilalsir." or lowcrlii,* ]jC voitagoii Involves serious cucrny lo.sse's. 



>1 a* 


A transfomer Is a device used to transfer electrical. 




b. 


Transformers ral^te or lower the level of AC Power. 




c . 


T-F AC power has no ;idvantaf>es over HC power. 




d. 


T-F f^Q voltaf*ft can be raised thru the use of a transfortner. 




e» 


T-F AC power can be Increased by usln^^ ^» transfomer. 
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liLi-CTRiCAL rowui 



Electr ical powe r la a comb tnjic ion of Volcago (L) nnU Curnnc (I). 
Many Comblnatlona of volcagtj and current can result in lOoO WATTS of Powtjr* 



1000 WATTS - 300 VOLTS ^ 2 MiVURES 

1000 WATTS - 200 VOLTS x 3 ^VIPI-REii 

1000 WATTS - 10 VOLTS 1 00 .VMmRrlS 



rxt:cTUic\L poukr tii.\nsfi:r 

lljc transfer c£ electrical j^owcr thru a trausfunncr Is so efficient, 
that thtf ^'inall los^sii^s involv«±J arc nonndlly ij^jnorcd. 




It ia GS^ciitlnlf f(Jr lonr> distance €l<jcLrlc power ciistr ibat ion # to 
havo tiK" Tower at os ll^f^a a vol tape level *im ^ossll>le** Tills reJaccs ilit 
enerf^y loss in tiic j^ow^^r trtmsrrasslon lines, T!ie reasi>ns will i^e discviss^'i 

Otily al tcriintiiVL^carrcuL AC works iu a triinsforr^cr . To tiirecL car- 
rcut tUe trausf^mni^r dcts an l-'ir^c vire-wnand ttsistov, tlissiiuitiii;^ 
all the powtjr in tli<i fon.-\ of heat. \A jlj" 




a. Electrical power is a conblnation of a nd 

b. T-F Trnnsformers c^n he considered lOO/' efficient* 

c* T--F Lon^: difstancc pov*ir transmission rf»f;iHres trnnsf ormovs , 

d^ T-*F Transforners work eqUtilly v^ell witS AC or !)C power. 
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«. powov 


c, Valde 


FalBe**.*chld would be gocclnjs 




d* Truo 


domechlng for noclilng* 




The InportanCc of CransformerH can best seen, when it Is Ina^incU 
what It would l>*! like without electric power, Ttie extret>ielv hl;;h trans- 
r^isslon voltafiGs shown arc absolutfelv necessary , u'ithout thee* niost of 
tht; oLcCtrlc power iu the systeta wouIU be JlssipaCed as heat- Tliis is 
furthur oxplaiiieU Iri^TOOyVLIlCL LOSS LS" uMlCh Co Hows. 

^^3 x^F Electrical power passes Chru severdl CrdnsCormers* beCveen 
cb« "power lu>u«e" an4 the "usln^ house". 
b, T-r nigh trensmliglon voltegeg art TTOT ntceisary* 

3 

255 



d, voICnf^e and currcsnt 
b. True 



c. True.., Co reduce ^'Une losses*', I 

d. FiilAe..,Chey work with AC only. ' 



m4\L^ lira: losses 



Tne omoutit of (^urront flowing thra a wire tletermlinis the ener^^y lost 

J \ 

d^rlnti trananlBBlon of electrical power from point to point. 



1000 UATTU INPUT 
20A J 50V 





2 om WIRE REStSTANCC 



WIRL LOSS - CURRENT^ « Ri:S t STATJCL 
II - 202 X 2 

44 - 400 



200 U'ATTS 
^ OUTPUT 



800 :mtts 



1000 WATTS triPUT 
2\ sJ 500V 



2 OlCl WIUE RiiSISTATtCE 



UtRL LOSS - CURRLNT^ « REStSTAI^CE 
22 X 2 
4x2 
G UATTS 



II 



OK THE DELIVERY ETIO 



992 WATTS 
/ OLtPLT 

O 



By raising the voltage to extrenely hlt;U levels, the ajnount ot 
current required In the transmission of electrical power can be kent 
low, and the line losses held to a minimum, 

tt Is not practical to produce electrical power at the very hlp:h 
transmission voltage levels required » due to "arcing and sparking" 
within the AC f^enerator. Therefore, the output voltnj;e ^f the r.ener- 
ator Is "fitepped-up" thru the use of a transformer, for delivery 
alonf^ "hlfih-tenslon lines", 
ON THE RECriVi:;C EMD 

250,000 volts If; not the best thlnt; to have "runnlnp around the 
house", so the volt,ir,e level of the electrical power Is; "stepped- 
down" thru a serle^i of transfotners to the 120 volt nntl 220 volt 
levels required for residential uses. 



.1. T«p j]xe ]\irMov tho voltap:e, the lower the loss, 

b, Kaislnpt the voltage results In less flowt 

c. T-F ?^ome *'llne-lo3s" Is alvavs Involved, 



A-^] a. True • * I *{)f ton passing thru S or more tranflfortnera. 

b* False. •.they ARE necessary^ and th«-hl8li«r»th«-bettor* 



AItUoUf;li the dLffcrcncca arnon^ tranaforncrs ure natiy» choir 
fuudrtmuntal construction aaa a atrikini; tiiuUarA ty . , , . , two or norc 
colla of IKSUtMEt) wlrat wound on some typo o( "coro" tnatorlal. 



£ 




CORC 




OUTPUT rnuun 



Tile (^iirtlcular physical construction of any cratisf ormcr. Is uoter- 
hiinoU by tiic tnak to bo [lerforui^U* Giios runt;c fron "JidCributlou Vraiis- 
fon,ior5;*\ as lar^e a Kouso, to the subminiaturc ''Pulse Trnnsfomer", 
the size of a pea. 

Irtagiiio tliti physical difforcnccs wlilch i;tuat cTcist In the followliii; 
list of cratisfomer types 

C^^ij^ atto^vj t biiouiL be .laUc to 'VierAoriie ' .my pnrt of tWis list- 



Power Traiisfomer 
Plate Trani^forticr 
rila:ncuc TransCoritior 
Audio Transfomor 
lu^>ut Vraa^totmcr 
Output TrnnsCornor 
Int^rstat;o Ti ansf uri,ter 
Ml^in^; Traasfuraor 
M.ntciiiii^'^ Traasf ur:.i<jr 
i>rivor TratisConaor 
Pulso Iraiisfomer 
Magnetic jViplifior 
Saturai.lo TransCorner 
Couvortor Transforracr 
Constant Voltago iT-ir 
iUscr iniitator Iran/^fonaer 
'.^lookitL^; Osoiliator ifur 



Uitrai^ottic Transfonncr 
Auto-Trai»sf ormer 
Isoiatlim Trausfor»\»cr 
Line ucostor Tfnr 
VariaLle Trajisf onacr 
Toroitiai Transfomer 
Cliopper Tracts former 
Cotitrol Vransfomcr 
i'.cctifior Transfonaor 
i;adio Frequency Tftir 
Video Transfonacr 
Tnaso Detector Tfiar 
Lalancod .touulator Vfnr 
Siu^lo Pliase Vfur 
Two Fiiaso Transformer 
liireo FiKise Tfi.ir 
urlui;o Trausforuor 



i^amonlc Transformt^r 
Delta Transfomer 
i/ye Transfonor 
Voltar^e Ki!i;ulatioit Tfur 
Flyljnck Tran^ion^ior 
Vibrator Trniisforner 
Vortical Outitut Tfiir 
I*ush-l*ull TransCoHier 
Universal TratisrorT.;or 
I^ine Triasforr.or 
llodulation Transformer 
f'}ioto£lasa Transforrur 
irias Tr.insf on.ii^r 
:tulti-Ta|ipeu TEr;r 
luvt^rter Iransforr.icr 
Internitidlatt: Freq Tfatr 
And on, jnJ on, and otu,. 



a. 


Transfomers are used 


to transfer eleetrlcal 






T'-F All transComcrs 


"step*ut>" the voltage* 




c. 


T-F All. transEomars 


have twn colls of v^lre. 
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A-A Truli c* Truo*«*at least until vlre vlth 2£R0 nhnj;* of 

b* currant rflsldtance becomes practical to produce. 



TRAMSrORMEfl ACTIOM 

'*Any conductor materlali will have ah electrical current ftenerntcil 
vlthln lt» when exposed to a changing or alternatlnr* mngUetlc field'** 
This la called the phenomenon of INDUCTION * 

MOTUM. imuCTIOK Or "transformer Action** occurs when alternatln(^ 
current In one coll Of wlre« creates an alternating magnetic field, 
which Induces a current to flow In a second* nearby coll. 




In this manner* useful electrical power Is generated In the 
second cOll> The two colls are not physically connected. Th*;y are 
magnetically coupled together* 

A atrOnger and more concentrated nagnetlc field would be produced 
If both colls are wound on some type of magnetic core material. 

Direct current i^^) magnetic fields are stationary , antl therefore 
would ^IQ]^ Induce any current Into the second coll. Only alternating^ 
current (AC) can be transferred thru a transfomer, due to Itit const^intb 
changing and alternating magnetic fl^ld* 



Q-6 7~T An alternating magnetic field will create an Induced current 
In any nearby conductor material* 
b* T-F DC will produce an alternating magnetic field, 
c. The fttren{*th of the alternating nai^r.etlc field depends upon the 
number of turns* and the amount of * 



*^ o 



a0 



A-S It, power c* FAl0ti,*.goine fipeclAl C/pod havt! only one* 

b* False, ,#ioin« "«t«p-down*\ 



TratmComtur wlnJiitgy urci crtUctl "l^rinAry*' an<] **GcconJrtry** win\liiij':i. 

TKUUKV rite pouur to Ijc Crftnsfotrod 1h fl^^^^^i 
the prlniAry win<]iitr> 

IjuCOlsDARV Tovfcr^ at iUq dcalrcu voltarte level , isi 
r^raov^u tron the SGCoaaarv wicKiini^j awd 
iiclivGroiJ to the HovTooroc^uirin?- Lhls 
particular voltar^G, 




. K is 

4 tnruT ^ ;:iNDi:;ci 



CORl! 



n 




MATERIAL 



T;ic rtutput put^t'r^ <»f *i LransCortiJcr will bo nt o itipjtcr_ vol Laf.L: ^ vi*v;.i 
tiic soconiLiry ultiiiin^ has norc turns thaw the pri:r.*iry* 




The ;nuvcr output of j traasfartjcr v.*ili liti at n lower vol Laro ^ wlici; 
ttie sccoatiary hns U*:<s turr*?; lii.m ll^c i>ri. ♦irv, 




STEP- »auiAf 




-7 ji. The input power j*oes to the 



villi] In;' 



b* The outptit power cones frort the 



wioiJinCt 



c, T-F Adding; tarns to the sccondnrv vinJinp uill increase the 
output voltajje fron the trAnsfomer, 

T-F All transformers step-up nr step-down the volt^ixc. 
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mi mmem w 



A-6 a. True current (alsQ Che 

b* False***a "acaclanary** magnecic field* type q£ cere) 



The nitfflhcr of primary amJ Eiucondery curnsi Is toosc ImporcenC Cd 
CransEormcr opereclon* Ofcen cUc accudl number of turne le indiceced, 
Unwevor more often* tUc "turtta ratio*' Id used to Indicate the expected 



pcrfonnancc of the transforcior* 



100 
TURNS 




2=r 



TURNS RATIO 



Said afl 
"One Co Three" 













1 


800 
1 TURNS 



= 5:2 



= 1:^ 



Said as 
'Five to Two" 



Said an 
"One to Four" 



1:3 

5:2 
1:4 



A turns ratio oEJ^3 would Indicate a stcp-u|> transforuer. 
For evory one turn In tiie primary^ there are taree turns 
In tiic secondary* 

A transformer would be a st^^vj^dovn traasfom^r* For every 
S turns In the (irL'tary, Lher^ arc 2 tarus In the secondary* 
Transformers wltu a 1 \U turns ratio are ^tegj^u^. For every 
one turn lii the prlir.ary, there are 4 curns lu tlie secondary* 



Q"3 a, A 
b, A 
Cr T- 
T^ 



turns ratio of 3 : 4 Indicates a step 
turns ratio of 5 : 1 Indicates a step 



transformer * 
transformer* 



F A turns ratio of 6 : 3 Is the sane as -n turns ratlj of 2 
7 Addlnr, curns to the primary winding would reduce the 
Output voltage from the secondary winding;. 



ERIC 



2il0 



a. Tflmrtry 
l>4 fioCcMitlary 



C- True il- MOflt of the time VE^^c" hut 
Iflolfltlnn tfmr hfirt no chnni>ei 



The bflrtU tf iirtflfomvur tttlvciiiitlc riynibol dopfittdft upon the type nC 




I ; 3 



inoa-com! i»ansfoiimi!r 
I -.3 



s 



r 
L 



OR 




lUc uunbcr nf vcrtlciTl llaiisi 
2f 3t or 4 l3 t\nt Ini^ortant* 

Aitiiou;;^ all lo^ frtiiiuoiiey transfonnef 3 ii^TVi* lrou-Lorc»| tjiost: 

tlo^t:^ut*iJ tn npcrnto .Tt tlit* Ui^hor ratlto £rof|Ucnclos u*tll linvc iilr-eorcs * 





uin%^i\Vf\S , rills is the dlffcrucicc hsi~ 
t\;cca iroiu;iiid ,iir coro syr;ljol<) , 



ten, trt'xnrjftirr^iirs o^ji^rjitin^; at rauio f rc<iut:m;io<» » oLtior 
:*ur,*nsc tyj^cs will u,sc >i tiOu\icrc<^-lrot\ , or f t^rrjltc .Mterlal 
for a curo,^ _ ^ :iany tlrics thtiso cores arc threaiJciJ and 





0, All low fre^iuccicy tmcififonners use core, 

b. Air core traasformers .ire used at the hl^;ber ^ ^ ^ ^ frerjuencles 

c, T-F Iron core transfomers ore used at radio frequencies, 
cl, T-F Adctlrif; an Iron core chan^^es the turns*ratio. 
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er|c 



h* down 



c* True*** (*i2 la the adm« so 2tlt 9t3 - 3tl etc** 
d* True*** it chAngdO the turnd^mtlo, 



viu:;i:roR:i:,R voltacl calculations 

riic secondary "outi>ut'* voltaj*o oE d tratidComtor depends upon tlic 
nrlfuiry *Hnput*' voltasc and tliu turna"ratlo * Tli*: followliv; trandfnnicr 
ut^uatlon is UBC<\ to c;ilculate tlie Bucondary voltage* 

L^, » Trlnary Vnltiif;i! 

Lg ■ Secondary Voltngc (To he calculatud) 




U,^ * rrimar^ Turns 

Usu*illy cxprcsficu 
- Secondary Turns 1 as tliu turtis-ruclo, 



LXA-Ml'LE /'I Solve 



forQ 



2 : 5 















X 




■ 












2x« 






VolLa.-^c-Turnfl Cfiu.itlon 

V<ilucs entered Into t)»e 
oquation^ ultii ilg ;i5 

CroiG*Hultiply 
JLvldc lor answer 

t t 



Volt.1;;c-Turaa Uruaticit 

Valued t ntcreu lnt<> 
i^quatLon* ^ii'w .13 "x'\ 

Cros5*nultlply ^ divide 
for iiiiGu'er. 



r-lO Solve tl.i; foUowin;: for scconu.iry volta^i;. 

(.0 (to > 

2 I I* 2:3 4:1 


ftOOV "j 


1^ Eg - ? 400V * 


I C " ? 800V ^ 


III')' 


: 
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A-0 (t. Iron 
b. radio 



<1. raise. ..Ic mny clinnftc the wolrJit chough. 



TnA>J5F0mti:R VOLTAGt: CALCULATIONS (cont) 

Froti the ha^ic voltagc-turna eciuatlon, otlicr mUalnn vrtlue^ can be 
Calculnccd. The ColLowlnti uxamplcd ^Uow Uoy chU U done. 
l-K.\:iPLC tf3 Solve tot (7^) 



5 I 2. 



VoIcnp,c*Curn9 cciuncion 




JL^' A Values entered into tli^; 
^ Ofiuntlon, with Up ns 



2x - 2000 Cros3-nultlply and dlvldt; 

for the answer. 

volts 



CXA:tPLi: H Solve 
\ 3 



200V 



» 80CV 




2 foi^ 







Vol tagc- turns equation 




X 


Valui:s entered Into the 
equationi witii "x". 


200x - 


1200 


Cross-^nultiply ^ divide 
for answer* 




? 


Voita;;i;-'turns equation 



800 ^ ^ Values entt;rod into tht; 
600 K ec^uation, with a?* "x" 

300x - 2400 Cross-nultiply C divide 
for oiiswer. 



n-^Il oolvo for tUi; indicated uissiu}^ vnluo. Try not to refer to ttie 
cxnr.u^lc!; above^ unless neC^sdary, 
(a) (h) 
4:5 No : 3 




lOOV 




225V 
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.vl:) 



a. 800V 



b. 600V 



c. 200V 






y SEC 






r SEC 


3 




POWER TRANSFOteiERS 
Trantifomtirs Uo8ii;iio^ sp^ciEicnlly for u?ic ;it 

Traitgformers, ' Thtfy luwd heavy laulitntc^l Irott 
tonjy, anil usuolly liovc moro titan oiu* aocornlarv 

liiii; puwiiti iutf) s*;vi;r*il Ui,;iitr juU L^^v^r vuH- 
1^;^ liiviilfij viiitli n iiorticuiar l;/^ o of liJcctronii 
c<|uijtncnt will nccJ to fuiicticiii proptrly. Tixi^ 
scpfir^^tQ wltiulnira opijrntij Intiijpcuaijiitly , cwu; caa 
[ti& chci:k\*d itiUlviiiUol ly lor iii;rfuri„j;:cc, 

AUDIO TRAJJSFQKIERS 
iipcccli, co^Jc, louct;, anJ nuaii; £n;f[ucncU*s arc 
transftjrtfa t*iru AuJio rraiisfonurb, *.Liit nii l for 
operation Uii_U>_2UjOUCi liZ ^ t;ii?v ^.aw Ic^iv^- 

At^C Iruti coTHH * 'tost audio Lr,uisrt*r:^ors tiavi. 
ouly ow Si^coiulnrv nlnJlu>; ^ Su: ,i .j.ivc truiiLtL i 
to vuriuuM )iuii.ts oil ttii^ ii^cotjuary * /.^t^-it. aii 
caiicJ "tui>s . /ill txoT^piL- vouIlI I*c L,it^ 
t-utjiat ir,:iist\>mi;r"t vi*ic+i tr.aibfLTs ;^^*vccr \\\' ^ 
a\i Auuio i t'ior ci^xtrt^ait Lirt;iit, Lo a i 

. tlt:^iar .i|*o;il^cr, Vnc t%u ulr*.:^ of an 
sjujauL^r", t.oulJ coimctt^w to tiic vi,. I l,., " 
«i(U. Lat' Cu>,. (I'H. U'.Oi/j Lorir i i^j 1 , 



Tower transfomcrs usuallv havr nnre tij>in one 



vinc'inr. 



b, T-F rover trnnsfrtmers us***! povilered iron core, 

c. Upon cntcrinft clf?ctroiitc eniiipnent^ the line voltnrc firi^t 
encounters a trnnsfornfr, 

T^-F Aadin transfnmerR Imvc Inmlnntcil Iron cnres, 

e, T-F Audio trancforners will not opcriite at pmrcr f rcotierfcics. 



12 

2VA 



a, 80V 



b* Np - 2 



TUA^jfinnviiR Tvri-i; (cent) 






SHIELD 




l;aOio rccoivurfi tUit^ tratmiuittcrei conttiiii 
vuany UF 'ir>n\nCorner*i > They trannEer ;*owor, 
at Ftiiiio^f rotiuoncieu f between rii^nnitivc 
eiuc trotUc circuits . Destir^tieU for use (tot,\ 
20K1LZ, tltru WW and Uj.K frci|uencies, these 
Lraiisfnn^erH nave pow^iered-lriM; ^ fcTrlto, ^jr 
air eorcs . (LiimiiuitcU iron eorcs uill not 
worl^ )*rojierly i;uc to tiio ra;iiuly ciian,;in^: 
na^Liotie ficlus ot titcso hi^^^^cr frisquoticics . ) 
oizea raii};e froii larj;e Mrh-vol t^^c , iii,M- 
frequency types umoJ in pt>UL'rful tr^msMit- 
ters, to [jiiiiriturv' low*vol ttir,e t rai:r'fon:i*2rs 
M^Qil in transistorize^, receivers. T:v%2y can 
lie iilcntificu by a ^ci^turus itiHuTite^J 
uire, woutia ou a eu;;inon tulfulnr forri. ^Hftcti, 
a titreauco forrito ecrc ;).is:st*s t^iru 
pri;rary acconUar;/ vin*Jii:/s to no jvtst L'ul' 
transforLurs of>tiMtioti. Many RF Transformers 
arc sitrrouj^lcJ by nctAi s,iivl..ln uattri.il, 
j^revctitinr, iKCvrf orcnuc , Co .tiiw fn>j^ n^arLy 
oloctroiiic coujiouciiLs . 



^'-IJ a. Transformers deslsnetl to operate at the higher radio frequencies, 
are called transformers* 

b. T-F All RF transfomers uae an air core* 

c. T-F Some RF transfomers use a laninated Iron core* 

d. Ifany radio frequency transformers are surrounded by n , 

to prevent Interference* 

e. T-F fiP transformers have turns-ratios* 

f. T-F RF transformers will work .it audio frequencies* 
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ERIC 



A-I2 a« secondary 

Cr Power 
(1« Trac 



the moac common of vhicli aro GOIU nnd 
400ll2« Tlie^e nro within the Audio 



Tlic amoiitit of current flowln): tlira the priM y winUtn;: Jepcnils on 
till! ainoiiiit of iio<:onudrv carrmit ^ ntia Earus-rfltlo . Tiio following 
trandfcrntir cqaaClon Is uscU Co ^nlcalatc prlnary carront. 




* rrltsiary Tarns ^ 
« Uccond^iry TarurJ ' 
« Sticotidnry Carrei^t 



i::\jV'irL^ Solve for 



Prin.iry Current (To l/tr cnlcala tt-*-> 
Current-Turns Lqa.it loii 

iviviJo for *iii,suL.t* 



L%ivrL*ivc-TLirr. *-';an Li cm*. 
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Ifrcquoncy 


d. 


rtltleltl 




*r0O(nQ hnvQ powdered Iron 


e. 


Of courne they do* 




never lamlnnted Iron 


E. 


PfllnQt frequency too lov. 




cunuL;:;r-Tvn:;s calcilatio;;j; 







0 *1^ So lve th*? following problem, ^jsitig the VoltfitTe-Tums ^nuatlon. 




15 
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A-U 




Bt 8A 


b, 2mA 







"MASTED HEAT IS POWER LOST" 



Uent i:Lvoii yff l)y tr^ndConner while opcr,itLiif;» Indicated tiiat 
tlicro arc 3Uf.io loflnod Involved wlieii power Irt boin;; LrunsCerted. 



WIRE OR COPPER LOSS 




t f 

CORE OR IROtI LOSS 





HYSTERESIS 




















EDDY CURRENTS 



100% 



rcuuccU to jiiCK I low vjluc,j 

TraasCumcr^; ..ay L 
JsauracLp to uc vi^r 



corrLit LOSS 

Viie DC rofllataucc oi copper wire , c^iusos 
aono power loss* I*(»vor i-Ods* ■ L* ^ R 
Xtio otiuntloii Luvilc^Uos tiint tiie use of 
low rcslfitaiicc ( larger dlnuetor ) wira, 
reduces tills Inns to ^ r.iLnlnun, 

COKu LOA.SLS 
Iroii'coro transfonaers iiavo two audltloanl 
power losses* 

*/rsii:RuiaIs LO^f^ * ti^c constant, nuU 

r;ipiit rc*aiX,:ti:^ont of tiic cord :u^;iietic 
iMLoriaiii cau^i^Ft a povor ioss^ Tals Is 
rosiuccu, usia/ a core iiatorlni wLtii 
at ;h *'pcr.m,tUllLty' '* 

i,L)^V CiTrX>^i' LOS;. tovIa>r na^jnetic 

fluids o£ Lac traasiorr.cr , **cut** t^ru 
tao core ri,Ttori:il, Inuuclaj; a useless 
carc^int wXtaXa tao ir^n* Viils current 
c«ni ijc roauccvi l*y mislay tac coro rciiis- 
L.iucc. La;ilnntia;s or t!iia sllcia^;, 
^:orks uclL at lov f rci^ku^ticlos « viU Lu at 
ra^ Li> £ rcc^uciii: L\iS , poWc rcv^^ 1 ro;t or 
fcrritc :i;»tcrials aro u^scvi* 



■;-l7 a* Edd** current losses are reduced by 



b. Larger diameter vlre Is used to reduce the 



the core* 
losa* 
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A-15 




a. lOV 


b. Hp » 3 



A*16 «. ISttA 



c. 5A 
d* 9mA 



VOtTAGL-CllRRLNT CALCIIUTIONS 

Another commonly uatad equation, la that wUlcit considers diet 
itsvcla of volta^o anU current within a transfomcr circuit. 



Lp « rriuary Voltage 

■ Scconilary Voltage 
Ifl - ?tiCoiii!ary Current 
Ip - rrlnuiry Current 




* Voltai^c-Carrcnt liquation 

iH. * ^ Valuos cnttircii into t.ic 
40 X of|untlon. wlt*i Ip as x'\ 

10;; " 200 Croiis-nmltiply anu alvl^c 
ji^^^K^ for auswor. 



n*18 Solve for toti In^iicatciJ voltn^c or current level. 

(a) (bl 
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A*17 a> laminating. *. *eiich lamination la Inaulatad from the others, 
b* copper or wire loaa* 

Ti»^ nutocransLotr.ier diftiira froin ot^ier tr.iimfonturii ii; tiiat IL Uan 
only otvc vlnOin;; , rntiier tlwu two Or^ uoro ;is L\\ ordln^nry trntvjforiAcrrt* 

Otliin consLructcu to be ^nrloblc , Ciicy nrc 
somutlno^ ruferrcJ tu aw Variaci^^r Vowvv- 




SECONDARY 



I — 1 





STLP - IT 

Ai;TOTiu\:;SFon:ii;K 



An alternating ma^^n^tic field, proiluccd 
by the prirunry current, inuitccs a volta;;L' 
tltc rem.iinini* part of tliu slnj^lq winding;* 

As the prinary and secondary *'5iiiiro" p,ivt 
of the vindinf;, autotranstorncir!i can be con" 
structcd physically smaller than scpar/iLc vin^^ 
^ inft types** Uowcver, autotraasforr-i^r<^ IX) 

''isolate" the prinary and secondary circuits, 
and cannot be useti in nany applications* 



a, Autotran«»fonners are constructed with only 



vlndinf;^ 



b* T-F For the same power rating, autotransformers can be 
constructed physically smaller than ordinary transformers* 

c* T-F Autotransformers "Isolate" the primary and secondary 
circuits* 

d* T-F Autctransfonners can be <»lther step-up nr step-down tvpeji* 
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Ip - 18A 


b» E, ■ 15V 


c» \^ ■ 8A 


d, Ep ■ 5V 



MAXIMUM rOUEH TRAUSF^R 

To traoBtor the maximum possible amount o£ power from ono part 
of an electronic circuit to anattior^ d cortdln condition M^l^ be met» 

★ The opposition (iL) of the *'load" must be the 
fiape as the opposition (XL) of the"source". 




POWER SOURCE 



SPEAKER 



MAXIMUM POWER 




LOAD 



Every source of el^actrical power has some amount 
of resistance contained within it. 
The conductors of an AC Generator have a definite 
amount of wire rej;lj^tAnc& . 

The chemical ''electrolyte*' of a Sattery , has a 
varying resistance . depending on the "charfte*\ 
The scml-conductor material of a Solar Cell has 
resistance , depending on the amount of lif;ht. 
All radio tubes and transistors have individual 
yeststances , depending on the type. 
This unavoidable^ '^built-in" resistance of a 
power source is called ll.TERTIAL RCSI?iT.\:;CE . 
Rg ■ internal resistance of a generator 
R3 » internal resistance of the source 




*3 



•tnt 



internal resistance 



Q-20 a. T-F Every source of power has an internal resistance. 

b. For maximum pover transfer to occur, the opposition of the 
source and the opposition of the load must be 



c. T-F Tubes and transistors do not have internal resistance. 
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^-L9 a> ona 



a> ona 

b* crua**>>ae pare of ch< copper conductors are "shared"* 
c* False* « tChere Is * maCal^CO'-QeCal contact between che circuits, 
True 



MAXIhtWI POt^gR TRAWSFEk (cont) 

This prlnclplQi **The opposition o£ the source and loadi must be 

matchgti ** leads to gome difficulties In the design o£ electronic 

equipment. 

To better show this point, consider a simple 2 resistance circuit. 



4nt 



Load 
Resistance 



24V 





The following chart clearly proves chls basic principle* 

rLOAD RKSXSTA.NCL (Variable) 
1^— TOTAL RESIST.MICE (R^ + ^inO 
I TOTAL CUKREl^T (E^/lt) 

Rt It LOAD RESISTOR PDl.TR 



Oa 
20a 



O 1 ' '^^ 

"^MAXIMUM _ 

POWER * 
^ TRANSFER ^ 





l2 X ■ 0 ;:atts 

X2 X ■ 32 UAtts 



Rl 
Rl 



36 Watts 
32 Uatts 



la i2 X lij^ - 20 ;;atts 



The load (AjO* receives maximum power, 36 watts 
when It Is the same as the Internal (4a) 
resistance o£ the source. 




This Is not a simple "coincidence'* o£ numbers. It Is an 
pflsentljl fact Concerning ail electronic circuits. 

Q-^21 e. For maximum power transfer to occur, the opposition o£ the 
source and the opposition o£ the load must be 



b, T-F All sources o£ power. Including batteries, have resistance, 

c, T*F Maximum power trans£er Is accootpllshed In DC circuits only, 

d, T-F It Is a requirement that In all electronic circuits, 

maximum power tran8£er must take place. 
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A*2U A* Trua***at lod«t «v«ry iourca of «lictrical pwet dotn* 
b, equal, th« tfdiiia, matched* ior wordtf to that effect* 

Pfllse,*,*they all have gotne aflount of internal reitfltence. 



IMyKDAHCfi MATCHIMC 

The source of power contains Kefllstdnco ^irtJ combindtions 

oE Rc^ictdnco (X[^ h X^), '^LunipeJ** togetlior, the^c oppoeltiona form a 

total called IMPLDAiVCE (Symbol 2) 

Th«i loaU also contains not only Tleeist^ince (r) « but oCtcn con*' 
bln^itions oE RcActartcee (X^ ^ X^) ae well* These oppositions 
''lumped" to&ctUer Eonn the load lMFKDA:iCL (Sytilol Z) * 

-WW-'' 7 

SOURCE IMPEDANCE 



lOAD IMPEDANCE 



If the principle oE :tAXl:n;M FOWDR TRANSFLR is to apply 

the lilt^tDAlJCL (Z) oE the load r.iust be "matcUe*!" to the 

r:ri:DA:;CL (Z) oE the j^ource* 



'source 



2Ka 



>LVXi:ilM POUER UlLL UE TRA;;SFii;RRi:D 



^loaO 



2K. 



Seents ensy??? ^ure it ls***I F***t lie two inpedances are matched, 

BUT 

of the time, the two inpt^dances are very dlEEerent, uxample; 
Source Inpt^dancc « 2, UOQA Load Impedance « tU^W Under this 

condition* only a very scaall transCer oE power vould be accompli shed. 
One electronic component, the TRiVi^SFOR^fiR, Is capable oE solving 
this power trausEer problom* 



a, "Impedance" i« ft combination of resistance and i~ 

b, T-F An increase of internal resistance would cause the 

source Impedance to Increase* 

c, T-F Frequency can afEect source and load impedances, 

d« T-F In most Circuits, the source and load impedances are 
eotial of atmoftf cgtial- 
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A* tquAlt the tom^t oiatchcdt or vof<l« to that effect* 
b* Tru«. * • *e«p«clally batteries* 
C4 pAl«e*.*OC or AC clrculte* 
^* KeUe**.only In tome circuits ie It desired, not In all. 



IWPEDANCK MATCHING (cont) 

The selection oE a proper ** turna-rntlo ** transfonner, can 
ttccompllah Mnxlnln Power Transfer between two unlike Impedances^ 



4:- 



Consider the followlnft* * * 




l<niac the observer ^*sees*^ depends upOn< 



(1) wbat*8 out there« and 

(2) the lens ratio of the telescope* 

Similarly* the Opposition ^*seen^^ by the power source* depends on 

two factors (1) the LOAD Impedance (what*s out there), and 

(2) the TURM*RATIO of the transformer. 






LOAD 



The InT^edance seen by the T^owcr source Is called PRt^'ARY 

lM?tDAtXE, (Svnbol 2p) 

The load inpedance Is called the S£Cnr:T)ARy IM?EDA-\C£ * (Symbol Z^) 

Thp Inpi^dance seen by the source* 
rRTMAr.V rtPF:PA>rCE . can be calcnlatcil 
us\ti<T tlMfi i'r|uatlon. 




The opposition "seen'' by the power source Is called ^ 
b* l^at two factors determine the amount of Primary Impedance 

seen by the power source? ^ a nd 

c. T'F Primary and secondary Ictpeii^nce^ are usually e<iual. 
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^^22 A, rfldctunc* or rAACtAncM* 

b. Truttttthci «ourc« Ifflpadanco th« Intarnal r««i0tanc« nodtly. 

c. Trua***»fl It vould iff«ct th« and Iti of tho rtttctancAi* 

d. FaU<. * *u<uAlly th<y protty fur »pArt* 

IMPEDANCE MATCHING (cont) 

When Zp Is anuat to R^nt* MAXIMUM power will be trnn«ferretl from 



the power source to ttie transformer prlmarjf winding. 




Thu3^ bv usLn^ the Proper transformer^ mnxlmun Power can he 
lran3:crre<l betv'een two widely different Impedances^ vlthout any los.^* 



In tUe equation. It wlil he noted that, 
nny ch;^nt*;e In will nffect the nnswer 
rhnt Is to say# riny chnnr,c in the opposition of 
the load tvoala caufie a charge to the primary impedance. This shift of 
prlnary inredance by nny chanf;e In the secondary in referred to as 




^~2U a, T-F Maxliauin power transfer will occur when the prinmry Impeti 
Is the sacie as the internal resistance of the source* 
Any change in the lead impedance will cause a change to occur 
In the Impedance. 

C4 T-F Reflected impedance is the load Impedance. 
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A^'ZS n, Primary Itipidanci or Juftt "lmp«d«nc«"> 

b, Vh« *'load*' or lecondAty inpedanca, And tha turna-ratlo* 
c* falaa**. usually vary dlffaranr. 



Afi .my variation In tlio lond Impftdnncis will couae a chon^^e of 
ntlniaty impedancQ, It can be Raid that the ptlmarv Impedance Is actuolly 
a ' *rcf lection *' of wliat la ^oln^ on In the aacondaty* 

Theteforei the Raflacted tmpedanca ^ the ptlmaty lnpedanca> and 
can he calcilated using the aame equation* 




tin " Primary Turns 



« Secondary Turna 



Turna-Ratlo 





2g ■ Secondary Inredance 

(The opposition of the load) 



Z^,,^ Hquatlon 
Values cnterct! 

with ^ri^f X 

Division done 

Square 3 /ind 
r'ultlrly for 
ansvet 4 



n- 25 ^nlvc For t lo !leflectfrd Tnped/ince seen hv the (*ener,ntot. 
(a) (b) 
3 ! 1 4:1 






3 ; 5 



3 a. 
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a. Tt*u*««««thatio wh&t it*B all about* 
b« Primary Impodanoo* 

c« Fald«.«««lt*tt a ohangc of FrlJoary Inpedanoe caueed the load* 



THA^^SFo^^^£R phaijE heutiohships 

Sow trannfortnere vlll caufi« tho ''output*' oocondary voltage to be 
inverted* Somo will not* It dopcndd upon how the transformer 1b wound* 



PRIIIARY r 
SBE WAVE 
iiRlght-8ide*up' 





#1 SKCOMDAHY Slil. UAVE 
"aieht-side-up" 



#2 SECONDAHX S1I£ v;AVE 
"Up-side-down" 



The output of Secondary la said to be "in-^phase" with the primary* 
The output of Secondary ^2, is said to be 180^ "out^f-^phase" with the 
primary* 180** "out-of-phaee" means^ up-elde-down from the Primary^ or 
inverted from the Primary* 

The phase relationship between Primary and Secondary is indicated by 
Mots*'* IT the Mots*' are both un the top^ or both on the bottom of the 
schematic^ the output will be the same ae the P^rimary elne wave* However^ 
if one '*fiot" is on top^ and the other Mot*' is on the bottomj the output 
sine wave will be 180^ out^f^phase^ invcrtedt or upsideH^ovn frc^ the 
Primary sine wave. 
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TR0l3BLE<i»00TtNC TRANSFOKMEnS 

Common tranafonner troubles fall under three catagorlesf 

(1) Shorted Wlndlnfts 

(2) Open Windings 

(3) Wlndlng-to-core Shore 

SHORTED 'WINDINGS 




The entrance of moisture, and arcing or overh«Atlni^ due to other 
electrical problems, cm cause "failure*' of the Insulation on trans- 
former windings* This alloys the primary and secondary copper conduc- 
tors to come into jcontact with each other. Usually this will cause 
other serious trouble or component damage within the equipment* 

"Continuity " between the primary and secondary windings can be 
easily determined using an Qhmmeter * 




GOOD 



BAD 



No deflection of tho 
ohnmeter <CO OiUS) , 
Indicates a "no con- 
tinuity" normal condl^ 
tlon* 



Full scale deflection, 
< 0 or ;iear Ojw) , 
lnJ;i,ates continuity 
between windings* (DAD) 



COffCUJSlOK: Primary and secondary 
windings "shorted** 
together* 

Ulth the exception of Autotransf ormers, an ohmmeter should never 
Indicate ^ny "continuity " between primary and secondary windings. 



Q*27 a.T'-F Continuity means a complete path for current to flow* 
b*T-F Ohmmeters are used to check continuity* 

c* There should be no continuity between windings, except In the 
^^^_^^_tranaformcr> due to Its single vlmllnR> 
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a. 1 


b. 1 


c. 2 



T^to or nnro turns nf the prltnnry winding mrty cone into mctnl-to- 
notnl cnntrtct with ertcli other It "InflulAtlon Ertllure*' occura* Thin 
ro^lnrca tlic rrlwAry "wire re9lBt,incc*\ ami upscta tlie trnnriforncr por- 
frtrn,incc. nf course, prln.iry windings shorted toyicthcr vrnuld chrttiRe the 
tv\rnA*rAtia , ,intl show up tnaccur^tc accondrtry volt.ip.c rc,idlny».s nnd 
circuit mrtlfunctlon. 

Shotted turna In the aecnndrtry would rIvc the s^inc rc!tult!i« 
ohmietcr reaigtance checks can be nadc> comparlnr the rc.idln^g 



vlth those r,lven In the service aata for the equipment * 




Co:iCLU!^IO:C : Sonc secondary turns "shorted''. 



Altiiounn scldon occurlnr,, n complete *'short" nf the prlmarv or 
!i;i'Coni:ary wlntUnj^s Ifs pnaslMo. In such cases* tntal failure of the 
ir.msforrier Is cr.perlenced^ with a btovm-fase or '^Plenty nf <?noke*' af; 
tl.c fivnpton* The bad wlndlim would redd ZERO OiriS. 

It Is connon that even an ohnrietcr resistance 
c if^cV not detect a defective transfotmert and 



^;iLl,stttut Inn with a known pood repJacerient Is the only "sure'* trouMe^ 



f^'iaotlnr method that t.-orks. 





T' 


F 


There should never be Any metdl'-to'-metal contact between 
the turns of a transformer winding. 




T- 


F 


A transformer winding should never have continuity. 


c. 


T- 


F 


Shorted turns In a transformer winding will affect the 
turnd-ratlo and the reflected Impedance* 


d. 


T- 


F 


Ho deflection on the ohmmeter needle Indicates a ^ood 
transformer winding* 


e . 




F 


Ohmmeter checks alwavs detect transformer troubles. 



27 




279 



.27/ 



A-27 a* Tru€ i 

b* Ttuo* r *anothet mcCat called a ^^neggiit** la also tisad 
c* auCoCtansfotoiflt* 



Gaslct to detect and ttoubleshooC^ is the ** ope n " prlfnaty or 
secondary tTanaformcT wlndlnf^* Any ^'break^* in the conductors » 
caused by electrical failure or physical damaf^e^ would result In 
Immediate and tota^fallute of the transformer* The circuit In 
which It operates would cease to function completely* 

Should the ftrlmaty or secondary winding **open'\ the secondary 
voltage drops to ZERO volts. 





Resistance checks will determine which winding Is '*open", 

Ho deflection of the 
ohnmeter needle (coJ\>)r 
Indicates that the 
secondary windinp; lacks 
"continuity". 

COMCLUSIOK t Secondary '*cipen". 

rfost often a transformer x^'lnUiny* will "open** follouln;; an 

insulation fftllxire. Internal pirclnf> "melts" the copper conductor of a 

wlndlnf*,^ causing the open, SonctlmeA a wlndlnf; "opens" due to exceijsive 

physical strain on Its connecting- leads. Always xise care when Installing 

a rcnlacencnt transformer* AvolJ "pulllnr" on the lefid5^. 



voltage 



0-29 3, T-F An open transformer winding has continuity, 

b, The first indication of an open winding Is the 

dropping to zero» and circuit malfunction, 

c, T"F If the secondary winding "opena"^ the primary voltage will 
drop to zero, 

d, T-F An open winding will blow the fuse in the primary circuit. 
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A-2H A. 


Ttu« 


(1* FAlfle***4n open vlndlnft* 




FAtii«***a]way« hA« concinuicy* 




c * 


TTufl***and neSB-up ch« clrcuic* 






WIffl)tNg^TO-CORB_SIIORT 

Tron gore tranflforacrs, particularly those Involved with hl^h 
^£oltfl£co# fflfly develop a trouble which cnfl create an unnafe coaditlftn < 
A wlndlnf;, ?<hortod to the Iron core '^^^^^^^^^"^ 



An lron*core tranaforaer ts ^FE 

normally bolted to the chassis* Continuity between a 

winding and the core, may place hazardous volta^^e levels on the chagalg . 
(From the winding. **to the core**. to the chassis) 

"Grounding" of the equipment la therefore necessary to protect 
pernoanel from electric shock should this trouble occur* 

Whea such a short (winding to core) happensj 
connecting circuits become Inoperative, 

EARTH GROUND 
excessive heating; and amoklng may begin, and 

fuses or clrcult-^breakers perform their function, protecting the 
equipment fron furthut danage. 

If this type of "short" Is suspected, a continuity-check with 
an ohmmeter will confirm the trouble. 



BAD 



conclusion : The secondary wlndlns^ Is "shorted" to the core* 
There should NTVER be continuity between a wlndln;;* and the 
core naterlal of any type of transfomer . 





a. Ulndlng-to-core shorts cause an 



condition* 



b* T^F When a vlndlng-^to-core short occursi the secondary 

voltage will change and the circuit will not function. 

c. T-^F A wlndlng-to-core short will always blow the fuse* 

d. T-F Ulndlng-^to-core shorts are repairable. 

e. T-F An ohmeter is to detect wla)ilng*to*core shorts* 
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A-29 a. Faltttt««..Just the opposite. 

b. flecondoiy 

c. Kolnef .f .romomborf the primary winding la connoct«d to the 
power ttourcBf and It doesn't change. 

d. FalDo....lt will reduce the primary current^ and the Swut 
remains OK. 



EQUATION Sin.HARy 




3„ 




Q-31 ^olVQ the following problems ad indicated* Use the Equation 
Suiomary dhcvn above* 




SecorvJary Current 7 
(c) 3:5 




Secondary Voltage 



12 : U 




Reflected Impedance = ? 




aeflected ]j:.pedancc = ? 




Prinary Ciirront 




Primary Turns = ? 
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V30 4* UlUHUftt 

b« Kob ftlvayB****lt dopendo a Xob on the type of olrcult* 
o« Agalni not 4lwayii| but tho unaaf» oondltlon tftlll remalno* 
d* Kot U0Uftll7»***r0plaoament la the only euro ropalr* 
lVUQ*«**remdmber to uo< It^ with tho pomr ooffn* 

ijj Om i Sonry for tha ^^tuA ^}Myn^^, and i«n0t uaually» ato** TroubI«<- 
fihootlng tranaformaro la not a true-or«falo< propooltlon* 
Thora ara juat no «ialmy« trua" or "alwaya falaa^ anowara to 
ba found for aoma of tho ooianon troubloe* Raplacamanti ofton 
la tha only "aura cutqi^ and many tlmao lt*fi tho only vmy to 
looata tho trouble* 



A-31 a, d* 3oA 

b. IOOKa q« 72a 

o. 10V f# 12#5 Tuma (or 12#5 : 5 Ratio) 



svimm 

Tha atxidy of transfon&ara doaa not END hara*«*lt only begina* 
Publlcatlona oovering tha subject In greater depth, are readily 
avalOable in Technical Study Centara. 

The iinportanca of tranefomara in tha operation of complex 
alrcuitai will become mora apparent ae the etudy of Elaetronlce 
aontinuea* Their baalo ftmetiona of ateppingHipi atapping--down, 
and in^edance matching^ are only a few of the taeka aaeigned to 
thle coE^nent* 

From the job of setting power to the radio. It also playe a 
major part in which atatlon will be heard* Tha formation of a 
Radar elgnal, dependa largely on the perfonnance of many typee of 
tranaformera* Mrboma aqulpment, with Ite size and weight liJidt* 
tatlona, contains aoma of the loore unusual and intareating trana^ 
fonnar typee* 

The reliability of a waU made tronoronoer la an ooiabliahed 
fact, and only thru electrical or phyalcal abuse do they rarely 
malfiinction* 



The TRAMSFOHMER* > # #A atep^p in the developnent of Electronical 
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OVERVIEW 



1. scops:: T\\iH modulo oxplulits the operation and (unctions of each part of tito basic relay 
In electrical circuits. 

2. OBJECTIVES: Upon completion of this module you should be able to j^atlsfy the following 
objectives: 

a. Given a group of statementSi select the one that describes the operation of a reUy. 

b. Given a relay schematic with or without coil current^ determine which contacts will 
be open and which will be closed. 



A1 THIb PCiNT, VOU MAY TAKH^ THE MODULE J^ELF-CHtCK. IF YOU DECIDE .NCT""-^ 
rWE T.iii MODULE SELK-Chr.CK, TURN TO THE ^*F:XT l\\C£ AiNb PREVIErV THE ' iS'T 

'Az i^C;:^^ DC :jot HEdlTAT'^ TO ::0^!stfLT ^v>urr irwriUicvOK ir rou itAVE a %v 
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alt 



LIST OF i(i:;iioui(Cii:a 



To satliify the objcctlvoa of this module, you may choose, according to your training, 
experience, und preforencn, any or all of the following: 

UtlADlNG MATKnULS: 

Dltjdst 

Adjunct Guide with Student Text 



SELECT ONE OF THE RESOURCES AND BEGIN YOUR STUDY OR TAKE THE MODULE 
SELF-CHECK, CONSULT YOUR INSTRUCTOR IF YOU REQUIRE ASSISTANCE. 



237 
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A relay Id an electromechanical device* ilelayfl are made In many formo or Alzes and used 
in many typofl of control circuits* All electromagnetic relays operate on the principle that a 
piece of BoU iron called an armature Is attracted to the pole of an electromagnet when the 
pole becomes energized. Thitf armature can engage one or more switch contacts. These 
switch contacts can be arranged In various configurations such as: Single pole single throw 
(5PST)t Double pole double throw (DPDT)^ Single pole double throw (SPDT)^ and many other 
combinations* 

Normally open contacts (NO) and normally closed contacts (NC) refer to contact conditions 
when the relay is de*energized* 




CONTACTS U 2 NC 
CONTACTS ?i 3 NO 



Figure te-U 



Figure t6*i shows all relays in the de-energized condition with the contacts open or closed 
as indicated* When energized the normally open contacts will close and the normally closed 
contacts will open. 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 
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ADJUNCT GUIDE 

HGLAVS 

INSTRUCTIONS; 

Stuc^ the reference maiterials as directed* 
Return to this guide and answer the questions. 

Check your answers against the answers at the top o( the next even numbered page 
following the questions. 

If you experience any dlfficultyi contact your instructor* 

Begin the program. 



ERLC 



A. Turn to Student Text| Volume and read paragraphs 5*1 thru 5-13* Return to this page 
and answer the following questions* 

1. Which of the following are true concerning relays? 

a. The electrostatic principle is used* 

b. The electromagnetic principle is used* 

A moving armature opens or closes switch contacts. 

d. Never used as a remote control device. 

, ., ,, e. Uses a rotating armature and brushes. 

2. Match the parts of basic relay shown with the appropriate term listed. 

Core 

Coil 



Armature 
Spring 





X A A 



















Contacts 



RELAY 
CIRCUIT 

— I'l— 



-C 
- B 

LAMP Circuit 



FEP4-X016 

3* Match the type of contact arrangement shown below >vith theproper designation listed* 

SP3TN0 

SPDT - 

SPSTNC 



111 

A 



B 



REP4-L017 
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ADJUNCT GUIDE 

4, Matcti the following relay circuits to the specific name listed. 
Starting SI S2 




e Q PEP4-1013 



5, Which of the fallowing wouldbeuseu to clean the contact points of a relay when required? 

a* Sandpape r 

b. Burnishing tool 

c. Gasoline 

d. Napthalene 

CONFIRM YOUa ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 
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ADJUNCT GUIDE 



ANSWERS TO A: 

1. b, c 

2. D, E, C, B, A 

3. C, A, B 

4. B, A, C 

5. b 

II you missed ANY questions, review the material before you continue. 



YOU MAY STUDY ANOTHER RESOURCE OR TAKE THE MODULE SELF-CHECK. 
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MODULE SELF- CHECK 



Hfc:LAYti 



1, Indicate if true (T) or false (F). 



All relays are electromechanical devices which operate by permanent magnets 
attracting an armature which in turn opens and closes switches. 



-C, 

.d. 



A reUy can be used as ^ remote control switch. 
Belays use the principle of an electromagnet attracting an armature. 
Relay contact points should be filed periodically to remove oxide buildup* 

e, A relay with an open coil could function because of residual magnetism, 

f , Open (or shorted) coils can be located by using an ohmmeter. 
Belays should be inspected and checked thoroughly and frequently. 
The starting relay on most autos is a holding relay. 
Relays are sometimes used as an overload device. 



,1, 
J. 



Overload relays must be reset either manually or automatically once it is 
tripped* 

In a starttng relay^ a large control current is ased to energize the relay coil 
that remotely controls the low current of the staler circuit. 



1. 



A relay armature can* control several switches, 
2. Identify the parts of the relay shown 
Core 



Armature. 
Spring 



Cbntacts^ 
Coil 



-Oh 



RELAY 
CIRCUIT 

-nl'l 



C 
B 



RSP4-iOi6 



LAMP CIRCUIT 



3. 



Match the following diagram of switch contacts to the proper designation. 
SPST NO 

3 < 

SPST NC 

gpjjj BtP4^i0l7 



ill 



111 



B 



4. 



In the circuit 3A above, indicate which contacts are clo):ed when the coil is energized. 

a, 1 and 2 

b. 1 and 3 

c. 2 and 3 

d. none, all open 



CONFIRM YOUR ANSWERS ON THE NEXT EVEN NUMBERED PAGE. 



ERIC 



292 



Si. 

MODULE SELF- CHECK 



ANS*VERS TO MODULE SELF-CHECK 



a. 


F 


b. 


T 


e. 


T 


d. 


F 


e. 


F 


I. 


T 


g- 


T 


h. 


F 


1. 


T 


J. 


T 


k. 


F 


1. 


T 



2. Core D 
Armature C 
Spring B 
Contacts A 
CoU E 

3. SPST NO C 
SPST NC B 
SPOT A 

4. C 



RJC 



HAVE YOU ANSWERED ALL OF THE QUESTIONS CORHECTLY? IF NOT, REVIEW THE 
MATERIAL OR STUDY ANOTHER RESOURCE UNTIL YOU CAN ANSWER ALL THE QUESTIONS 
CORRECTLY. IF YOU HAVE, CONSULT YOUR INSTRUCTOR FOR FURTHER INSTRUCTION. 
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ELECTRONIC PRINCIPLES 

MODULE 17 

MICROPHONES AND SPEAKERS 

This Guidance Package is designed to guide you through this module of the Electronic 
Principles Course. It contains specific information, including references to other resources 
you may study^ enabling you to satisfy the learning objectives. 

CONTENTS 



TITLE 

Overview 
List of Resources 
Adjunct Guide 
Module SeU Check 



OVERVIEW 

1* SCOPE: This module describes thebasic 
design of speakers and microphones and 
explains the operations of each* 

2. OBJECTIVi:S: Upon completion of this 
module you should be able to satisfy the 
following objectives: 

a* Given a group of statements, select 
the one that describes the operation of a 
speaker. 

b* Given a group of statements, select 
the one that d'^scrlbes the operation of a 
microphone. 

LIST OF RESOURCES 

To satisfy the objectives of this module, 
you may choose, according to your training^ 
experience, and preference, any or all of the 
following: 



PAGE 

1 
1 
1 
2 



READING MATERIALS; 
Digest 

Adjunct Guide with Student Text 

SELECT ONE OF THE RESOURCES 
AND BEGIN YOUR STUDY OR TAKE 
THE MODULE SELF-CHECK. CON- 
SULT YOUR INSTRUCTOR IF YOU 
REQUIRE ASSISTANCE. 

ADJUNCT GUIDE 
INSTRUCTIONS; 
Study the referenced materials ^s directed* 

Return to this guide and answer the 
questions. 

Check your answers against the answers 
at the back of this guide. 

If you experience any difficulty, contact 
your Instructor* 



Supersedes KEI^GP-17, 1 July 1674, which will be used until stock is exhausted. 



A. Turn to Student Text, Volume 11, and 
read paragraphs S-14 through Return 
to this page and answer the following 
questional « 

\, Mark eacli of the following as true (T) 
or false (F) concerning loudspeakers and 
earphones* 



— ^ ai A loudspi*aker converts sound 
waves to an electrical stgnali 

, b« A loudspealcer converts electri* 



cal energy to sound waves* 



c« The dynamic loudspeaker is com" 



monly used today* 



d. The dynamic speakerisamoving 



coil speaker* 

- e* The electromagnetic speaker 
uses a field coil in place of the voice 
coiL 



tt The speaker is free to move along 
with the permanent magnet* 

g. A PM speaker uses a field colL 



2* Match the parts of the speakers to the 
list* 

a« Cone . 



b* Spider ■ 

c. Field Coil 

d« Voice coil , 

e* Permanent Magnet, 

f. Electromagnet 

gi Soft iron core 






L 

r 


- t 






















h. The moving coil is the voice 



coll of a speaker* 



CONFIRM YOUR ANSWERS IN THE 
BACK OF THIS GUIDE, 



■ 1* The voice coil is wound on a 
cylinder of bakelite or fiber. 

The spider is attached to the 



speaker cone and voice coil* 



k* In the earphone the voice coil 

Is replaced with coils placed on the pole 
pieces* 



B* Turn to Student Text, Volume 11, and 
read paragraphs 5^22 through S-3S« Return 
to this page and answerthe following questions, 

1, Which of the following are true con*^ 
ceming microphones? 

- a* All microphones are electro- 

acoustic transducers. 



1* The diaphragm in an earphone 

serves the same function as the cone in the 
dynamic loudspeaker* 



,m. The tension on the diaphragm in 



an earphone varies at an audio rate. 



b* Sound waves are converted to 

electrical energy, 

c* A carbon microphone employs 
carbon granules having a resistance which 
will change according to the sound waves 
Impressed on the microphone* 
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I dtt Aa the carbon sr&nulea are coiii'- 
preaaedt by tho aound waves the electrical 
reaiatance la Increaaedt. 

e, A carbon microphone haaavery 



high frequency reaponae, 
> U Voice frequenclesworkverywell 



with carbon microphones. 



i ^ S* A carbon microphone Is 

relatively inexpenalve. 

2, Which of the following are true con- 
cerning the capacitor microphone? 



a* It Is not consldteredt to be an 



electro-acoustic transducer* 



b, Sound waves cause a change in 



capacitance, 

, c. Frequency response Is excellent, 

n d. Mechanical shock has no cUhcI 

on It, 

3, Which of the following are true con- 
cerning the crystal microphone? 



quartz. 



a* Uses the phote-electrlc effect, 
b. Uses crystals of Rochelle saltor 

c. Has excellent frequency response, 

^ dt. Is not considered to be rugged, 

e. It does not require an external 

power source. 

4, WMch of the following are true con- 
cerning the dynamic microphone? 



a. Makes use of the moving coil 



principle* 



b, A dynamic loudspeaker can be 



used as a microphone. 



c. The moving coll generates a DC 



■ d. Many intercommunications sets 

use this type microphone, 

— — ^ Needs an external power source. 

3, Which of thd following are true con- 
cerning the velocity-ribbon microphone? 



a» Amplitude of the output AC de- 
pends on the velocity at which the ribbon 
moves through the magnetic field. 

■ b. Operates essentially the same as 

the dynamic microphone, 

■ c. Needid an external powersource. 



d, Useb an electrons agnet for the 

magnetic field, 

— — , e. Is very directional, 

CONFIRM YOUH ANSWERS IN THE BACK 
OF THIS GUIDE, 

YOU M^Y STUDY ANOTHER RESOURCE OR 
TAKE THE MODULE SELF-CHECK, 



MODULE SELF-CHECK 

1, Inaicate which ar« true (T) awd false 
(F) concerning speakers, 

I a. All speakers are electromagnetic 

devices which convert electrical energy to 
audio frequencies, 

■ b, A speaker converts electrical 



energy to sound waves. 



c. An earphone u like a speaker 

except it does not use an electromagnet^ 
only a horseshoe magnet, 

d. The diaphragm in an earphone will 
vibrate at the audio rate to produce the sound 
waves. 



e, A permanent- magnet dynamic 



voltage by generator action. 



i^puaKer is called a PM speaker. 



2 207 



- f, Mo6t tipeakerfl u0Cf a moving 

coil attached to thu coa^ shaped dlaphraf^m, 

I g, Mttirnativtg current is ftfjiplicd 

to tt^o Uold coil in nn electromiiKnotLc 
dynuniio speaker. 

lu The spidGi' centers the vuico 
coll around the center pole of the main 
magnet, 

2, Matcn the parts of the speaker to the 
list. 



a. Cone 

Spider 

L\ Magnet 

d. Voice coil 



b. Microphones take audio fre- 
(|u^ntJied und convert thorn to sound fre- 

((UOUCltiS. 



c< Most microphones use a dia- 
phragm or inembrance which vibrates in 
accordance with frequencies. 



d. All microphones do not use the 

electromiignctLc principle. 

The carbon microphone does use 
ttie cicotromagnetlc principle in producing 
an EMt\ 

- L The carbon and the capacitor 

microphone have excellent frequency 
response. 




g. The carbon microphone is good 



3. Indicate which are true (T) or false 
(F) concerning microphones* 



a. All microphones ;xre electvo- 



ioc voico ir&<iuencles. 



h. The dynamic microphone requires 

an external power source. 

i. Velocity microphones make use 



of the piezo^^lectric effect. 

■ j, A dynamic microphone is very 



much like a dynamic speaker, but not very 
usable a£ a ::^L>uaker. 

k. Velocity-ribbon microphones are 



fairly rug:^ed and reproduce music well. 

confirm your answers in back of this 
Guide. 



acoustic transducers. 
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ANSWERS TO A - ADJUNCT GUIDE 



la. 


F 


lb. 


T 


Ic. 


T 


If. 


F 




F 


Ih. 


T 


Ik. 


T 


n. 


T 


Im. 


T 


2a. 


A 


2b. 


C 


2c. 


E 


2e. 


D 


2f. 


G 


2g. 


F 



If you missed ANY questions, review 
the material before you continue- 



ANSWERS TO B - ADJUNCT GUIDE 



1. 


a, b, 


c, (, g 


2. 


b, c 




3. 


b, c, 


e 


4. 


a, b. 


d 


5. 


a, b, 


e 



If you missed ANY questions^ review 
the material before you continue- 



ANSWERS TO MODULE SELF-CHECK 




F 


b* 


T 




F 




T 




T 


f. 


T 


6* 


P 


h. 


T 




n 


b. 


c 




A 


d. 


D 




T 


b. 


F 




T 


a< 


T 


e< 


F 


f. 


F 


g< 


T 


h. 


F 


I, 


F 


J- 


T 


k. 


T 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IF NOT, RE- 
VIEW THE MATERIAL OR STUDY 
ANOTHFR RESOURCE UNTIL YOU CAN 
ANSWER ALL QUESTIONS CORRECTLY. 
IF YOU HAVE, CONSULT YOUR INSTRUC- 
TOR FOR FURTHER GUIDANCE. 
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ELECTRONIC PRINCIPLES 

MODULE Id 

METER MOVEMENTS AND CIRCUITS 

Thl5 Guidance Package (GP) Isdeslgnedtoguldeyou through this module of the Electronic 
Principled Course, It contains specific information, including references to other resources 
you may study, enabling you to satisfy the learning objectives. 



CONTENTS 



Overview 

List of Resources 

Adjunct Guide 

Module Self-Check 

Answers 



Page 
i 

i 
1 
3 
6 



OVERVIEW 

1. SCOPE: This module describes the basic 
theory of meters and the function of their 
parts. 

2, OBJECTIVES: Upon completion of this 
module you should be able to satisfy the 
following objectives: 

a. From a group of statements related to 
meter movements, select the one which 
describes the function of the: 

(1) Permanent magnet. 

(2) Moving coil. 

(3) Spiral spring. 

(4) Pointer, 

(5) Scale, 

b. From a group of statements related to 
multimeters^ select the one which describes 
the function of the: 

(1) Shunt resistor, 

(2) Multiplier resistor, 

(3) Ohms zero adjust resistor. 



LIST OF RESOURCES 

To satisfy the objectives of this module, 
you may choose, according to your training, 
experience, and perference, any or all of 
the following; 

READING MATERIALS: 
Digest 

Adjunct Guide with Student Text 

AUDIO VISUALS: 

Television Lessons 
LFK-0-30-6 Basic Meter Movements 
LFK-0-30-7 Ammeters 
LFK- 0-30-8 Voltmeters 
LFK- 0-30-9 Ohmmeters 

AT THIS POINT, IF YOU FEEL THAT 
THROUGH PREVIOUS EXPERIENCE OR 
TRAINING YOU ARE FAMILIAR WITH 
THIS SUBJECT, YOU MAY TAKE THE 
MODULE SELF-CHECK, IF NOT, SELECT 
ONE OF THE RESOURCES AND BEGIN 
STUDY, CONSULT YOUR INSTRUCTOR 
IF YOU NEED ASSISTANCE, 



Supersedes KEP-GP-18, November 1975, Previous editions may be used. 
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ADJUNCT GUIDE 

INSTRUCTlONSi 

Study the reference materials asdirected. 

Heturn to the (^ide and answer the 
questions* 

Check your answers at the back of this 
guidance package. 

U you experience any difficulty, contact 
your Instructor* 

Begin the program* 



A. Turn to student text* volume II* and 
read paragraphs 5-36 through 5^43. Return 
to this page and answer the following 
questions* 

1. Which of the following electric meters 
does not use the principle of 
electromagnetism? 

a* Hot wire ammeter. 

b* Moving*coiI meter. 



c. Moving-^iron meter. 

d. Dynamometer* 

2. Indicate which of the following are true 
(T) or false (F) concerning the movlng^coU 
meter. 

a* It is the most popular type. 

b* The meter movement is referred 

to as the d'Arsonval movement. 

c. The stationary magnetic field is 

produced from an electromagnet* 

d. Current through the coil produces 

an electromagnet which reacts with the 
permanent magnet's lines of force. 

e. Polarity of the current through the 

meter is not important* 



t Induced current in the aluminum 
bobbin produces a torque which deflects the 
needle to the proper reading. 



3. Indicate which of the following are true 
(T) or false (F). 

a. Most DC moving-coU meters have 
a linear scale. 

^b. In a linear^scale meter the amount 

ol deflection is directly proportional to 
the amount of current flow through the coll* 

c* Meter sensitivity is related 

Indirectly to fulUscale deflection (FSD). 

d* Meter sensitivity can be expressed 

In mUliamps or microamps. 

e* A meter with an FSD of 50uA is 

considered more sensitive than one which 
has an FSD of 50 mA* 

f* It is not possible to use a single 

meter movement as an ammeter* voltmeter, 
and ohmmeter* 

CONFIRM YOUR ANSWERS* 



B. Turn to student text, volume n, and 
read paragraphs 5^44 through 5^50* Return 
to this page and answer the following 
questions. 

1. Indicate which of the following are true 
(T) or false (F). 

a. The range of all ammeters is 
determined by the manufacturer and cannot 
be changed* 

b. A meter shunt can be used to 

extend the range of an ammeter. 

c. The meter shunt causes more 
current to flow through the meter coil. 

d. The ammeter is a low resistance 

device. 
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Since the ammeter wiU have alarge 
voltage drop, it should alwaya be connected 
up in parallel, 

^' When a shunt ia used, It will drop 

the same amount of voltage as the meter 
coil, 

g' Tho meter shunt allows current to 
Sypass the meter movement, 

CONFIRM YOUR ANSWERS, 



C, Turn to student text, volume II, and 
read paragraphs 5-51 through 5-58* Return 
to this page and answer the following 
questions. 

1* Indicate which of the following are true 
(T) or false (F) concerning voltmeters, 

^* They are high resistance devices* 

They are usually connected in 

parallel. 

The high resistance offers high 
current flow. 

d- By addingmoreresistanceinserles. 



more currentwlU flow through the movement 

To exceed the range, more 

resistance is added in series. 

Voltmeter sensitivity can be 

expressed in ohms per volt. 

The higher the resistance per volt, 

the less sensitive the meter. 

CONFIRM YOUR ANSWERS. 

D* Turn to student text, volume II, and 
read paragraphs 5-59 through 5-65, Return 
to this page and answer the following 
questions. 

1. indicate which of the following are true 
(T) or false (F) concerning the ohmmeter. 

^* It does not use the same type basic 

meter movement as the ammeter and ^ 
voltmeter. 



^' It needs a source of EMF, such 
as a dry cell, 

It requires a series rheostat to 
- zero the meter, 

d^ It requires a fixed series resistor 
to cause more current to flow. 

When zeroing the moter, the test 
leads are shorted, 

^' It uses an Inverse nonlinear scale* 

g* An open resistor, when tested, would 
Indicate no deflection. 

„ ^* A shorted resistor, when tested, 
would Indicate full scale, 

„ The series rheostat allows adjusting 
'or the change involtageof the ageing dry 
cell. 



2, A multimeter combines the following: 

^* Megameter, fluxmcter, and 

voltmeter. 

Moving-coil meter, voltmeter, 

Ohmmeter, and megameter. 

Moving-iron meter, moving-coil 

meter^ and dynamometer. 

Voltmeter, ohmmeter, and ammeter. 



3. Indicate which of the following are true 
(T) or false (F). 

^ ^' Connecting a voltmeter across a 

resistor could affect circuit operation. 

*_b. It would be best to^use a voltmeter 
with the higher meter senslUV^ty. 

Multimeters cdP^ serve as a 
voltmeter, ohmmeter, or ammeter by proper 
switch settings. 

The multimeter uses three different 

meter movements. 
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e, The battery needn replacement If 

durLrig the zero sidlust the pointer goea paat 
the zero ohms position, 

t* An ohmmeter scale wlU usually 
lincllcato infinity on the right and zero ohms 
on the left* 

CONFIBM YOUR ANSWERS, 



MODULE SELF-CHECK 

QUESTIONS 

I. Indicate if the following are true (T) 
or false (F) concerning meters* 

a. Three classes of ^ meters use 
electromagnetism: movlng.coil, moving- 
iron* and the dynamometer. 

__b. The moving-coil meter is by far 
the most common type used today. 

c. A type of moving-coil meter has a 
permanent magnet. 

d. The moving-iron meter is also 

called the d'Arsonval movement. 

__^ep The moving-coil meter has only 
a few turns of heavy copper wire, 

f, Current through the moving-coil 

causes a magnetic field which produces 
a torque on the coU, 

g. Proper polarity must be observed 
on "all moving<^coil meter movements. 

hp Meter sensitivity is e^qpressed in 

milliamps or microamps, 

i- A single meter movement CANNOT 

be used for an ammeter* voltmeter, and 
ohmeter. 

J* A meter movement that requires 

lOuA for full-scale deflection is more 
sensitive than one which requires luA for 
fUll-scale deflection, 

The ohmmeter scale is a linear- 
square law scale p 



2« Identify the meter parts by matching 
the proper letter to the name of the part 
listed in the figure shown below* 

Pointer 

Permanent magnet 
Spiral spring 
Moving coil 



Pole piece. 




3. Match the meter parts to the proper 
function. 

Meter Parts 
a. Permanent magnet, 

bp Moving coil, 

c, Aluminum bobbin, 

d. Pointer, 

e, Pole piece, 

f. Spiral spring. 

Function 

(1) Indicates actual reading, 

(2) Electrical connectlonand returns 
pointer to zero, 

(3) Causes a permanent magnetic 

field. 

(4) Intensifies the flux. 

(5) Sets up electromagnetic field, 

(6) Has a current induced in itwhich 
causes a torque to oppose oscillations. 
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4, Which ot the following DOES NOT 
pertain to tho movlng-coU type m€ter 
movement? 

a< Uses a linear scale for milliamporoa 

and volts. 

Uses a linear scale ^or ohms« 

c* la accurate and rugged, 

d* Uses a modified d'Arsonval 

movement, 

e. Uses a permanent magnet, 

f. Can be used for measuring current, 

voltage I or resistance, 

5* Which of the following Is the most 
common effect use<)f to detect the presence 
of a current in moving -coil meters? 



a. Heating, 

b. Chemical, 

c. Electromagnetic, 

d. Physiological, 

e. Piezoelectric, 



6, In a typical ammeter circuit, shunt 
resistors are placed: 

a. In series with the moving coil, 

b. Across the power source only^ not 

across the meter, 

c. In parallel with the moving coll, 

7, Match the scales with the proper terms. 

a. Square law, 

b. Linear, 

c. Nonlinear Inverse, 



(I) 2^' 




(2) 
(3) 



* J 



Answer questions 6 through 10 in roforonco 
to the circuit below: 



I 



1 



a. What type of circuit is It? 



d. What is the purpose of Rh? 



10, What Is the purpose of Rf? 



11, Indicate which of the following are true 
(T) or false (F), 

a, A multimeter uses only one basic 

meter movement. 



b. An ohmmeterrequlresitsownpower 



source. 

c, A voltmeter having 1000 ohms per 

volt sensitivity is more sensitive than one 
which has 20k ohms per volt sensitivity. 

d. The ohmmeter is always connected 

in parallel to the component being checked. 

e* An ammeter Is always placed In 

series to find the voltage drop across a 
resistor, 

f, A voltmeter Is connected in series 

to find the voltage drop across a resistor, 

g. The loading effect is important 

and may cause the voltage reading to be 
Inaccurate, 

h. To overcome the loading effect, use 

a voltmeter with a high ohms-per-volt ratio. 



ERIC 
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=2^7 

U The flonaltlvlty ol most rtioter J. Tlio average muUimotor can be 

inuvutuuntti can bu chantjcod very i^aally* uSoTaff an ammeter, voltmeter, frequency 

meter, dynamometer* and obmmut^r* 

CONFIRM YOUn ANSWERS- 



S 
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AN3WEKS TO A - ADJUNCT GUIDE: 
1. a 

2a. T b. T c. F d. T e. F f. F 

3a. T b. T c. F d. T e. T f. F 

11 you missed ANY questions, review the 
material before you continue. 



ANSWER TO B - ADJUNCT GUIDE: 

la. F b, T c, F d. T e, F f. T 
E- T 

If you missed ANY questions, review the 
material before you ciUlnue. 



ANSWERS TO C - ADJUNCT GUIDE; 

la. T b, T c. F d, F e. T f. T 
E. F 

11 you missed ANY questions, review the 
material before you coiUlnue. 

ANSWERS TO D - ADJUNCT GUIDE: 



la. F 


b. 


T 


c. 


T 


d. 


F 


e. T 


f. 


E. T 


h. 


T 


1. 


T 










2. d 


















3a, T 


b. 


T 


c. 


T 


d. 


F 


e. F 


f. 



If you missed ANY questions, review the 
material before you continue. 



YOU MAY STUDY ANOTHER RESOURCE 
OR TAKE THE MODULE SELF.CHECK. 



ANSWERS TO MODULE SELF-CHECK: 

la. T b. T c. T d. F e. F f. T 
g. T h. T 1. F ). F k. F 

2, F - Pointer; A - Permanent magnet; 
E - Spiral spring; B - Moving coll; D - Pole 
piece 

3a. (3) b. (5) c. (6) d. (1) e. (4) 
f. (2) 

4, b 5, c 6. c 

7a. (2) b. (3) c. (1) 

8. Ohmmeter 9. Zero adjust resistor 

10. Current limiting resistor 

Ua. T b. T c. F d. T e. F 
f. F E- T h. T 1. F J. F 



HAVE YOU ANSWERED ALL OF THE 
QUESTIONS CORRECTLY? IF NOT, 
REVIEW THE MATERIAL OR STUDY 
ANOTHER RESOURCE UNTIL YOU CAN 
ANSWER ALL QUESTIONS CORRECTLY. 
IF YOU HAVE. CONSULT YOUR 
INSTRUCTOR FOR FURTHER GUIDANCE. 
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ELECTRONIC PRINCIPLES (MODULAR SELF-PACED) 

MODULE 19 

MOTORS AND GENERATORS 

This Guidance Package is designed to guide you through this module of the Electronic 
Principles Course. It contains specific information, including references to other res^ources 
you may study, enabling you to satisfy the learning objectives. 

CONTENTS 



Title Page 

Overview i 

List of Resources i 

Adjunct Guide 1 

Module Self-Check 4 

Answers 6 



OVERVIEW 

1. SCOPE: This module explains the basic 
theory of operation of motorsandgenerators. 
Each part i3 identified and its operation and 
function is given. 

2. OBJECTIVES; Upon completion of this 
module you should be able to satisfy the 
following objectives. 

a. Given a list of statements about motors 
and generators, select the one which identi- 
fies the purpose of the: 

(1) Field coiK 

(2) Armature. 

(3) Rotor. 

(4) Brushes. 

(5) Slip rings. 

(6) Commutator. 

(7) Pole pieces. 

b. Given a group of statements* select 
the ones that describe the operation of a 
motor. 



c. Given a group of statements, select 
the ones that describe the operation of a 
generator. 

LIST OF RESOURCES 

To satisfy the objectives of this module* 
you may choose, according to your training, 
experience* and preference, any or all of the 
following. 

READING MATERIALS: 
Digest 

Adjunct Guide with Student Text 11 
AUDIOVISUAL S: 

1, Television Lessonr AC Generators, TVK 
30-201 

2, Television Lesson, DC Generators, TVK 
30-202 

3. Television Lessonr DC Motors, TVK 
30-703 

4. Television Lesson, AC Motors, TVK 
30-704 



Supersedes KEP-GP-19, 1 April 1975. Use old stock until supply is exhausted. 
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AT Tins POINT* YOU MAY TAKE THE 
MOhUl.t: SELF-CHECK, IF YOU DECIDE 
NOT TO TAKE THE MODULE SELF- 
CHECK, SELECT ONE OF THE RE- 
SOURCES AND BEGIN YOUR STUDY. 
DO NOT HESITATE TO CONSULT YOUR 
INSTRUCTOR IF YOU HAVE ANY 
QUESTIONS, 

ADJUNCT GUIDE 

Study the roferencedmuterials as directed. 

Return to this guide and answer the 
questions. 

Confirm your answers ut the back of this 
Guidance Package. 

If you experience any difficulty^ contact 
your instructor^ 

Begin the program. 



A, Turn to Student Text* Volume 11, and 
read paragraphs 5-66 through 5-75* Return 
to this page and answer the following ques- 
tions concerning generators. 

1, Which of the following are true (T) and 
which are false (F)? 

a- A generator converts electrical energy 
to mechanical energy* 

Induction is a basic principle involved 
in generating a current, 

c. Relative motion between a conductor 
and a magnetic field Is a requirement of 
induction. 

d. A requirement for induction Is that 
the magnetic field must be produced by an 
electromagnet. 

e* The direction of the current can be 
determined by applying the left-hand rule- 

f. A conductor moving parallel to 
magnetic lines of force wUl have maximum 
voltage induced. 



g» A conduc!tor moving at Tight angled to 
tho magnoUc Unus of force will have Ubh 
, voitagL* induced Itt U than otic moving at any 
uthcr anglu. 



h. A conductor moving through magnetic 
linos of force will have more voltage induced 
in it if the spoed is Incroased* 



2* Three requlrenit>nt5 for induction are; 
a, 

b. 

c- 



3. In the figure below* the direction of the 
induced current would be: 




REP4'1023 

4. Method^s) of increasing the induced 
voltage is/are to: 

a^ Decrease the number of conductors. 



b- Increase the strength of the magnetic 
field. 

C' Increase the length of time the con* 
ductor stays in the magnetic field. 

d- Increase the speed c^f the relative 
motion. 



1 
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5, A dlnglo loop of wire rotated three 
comt^lcte revolutions witlUn a m&gnotlc field 
would generate: 

a. One complete cycle of AC. 

b. Two,thirda of a cycle of AC. 
c* Three cycles of AC. 

d. Only DC, 
CONFIRM YOUn ANSWERS. 



B. Turn to Student Textt Volume n, and 
read paragraphs 5*76 through 5-^90. Return 
to this page and answer the following 
questions. 

1. Indicate which of the following are true 
(T) and which are false (F) concerning 
generators: 

a. The magnetic field can be produced 
ty either a permanent magnet or by an 
electromagnet. 

b. AC generators use a commutator while 
OC generators use sliprings. 

c. Brushes are used in both AC and DC 
generators. 

d. Both types need a source of mechanical 
power to turn the armature. 

e. The armature will contain many con- 
ductors which rotate inside the magnetic 
field. 

f. The core of the armature provides a 
high reluctance path between the pole pieces. 

g. AS the conductors rotate they cut the 
electrostatic lines of force. 

h. The EMF induced in the conductors 
will always be AC when the armature is 
rotated. 

i^ The commutator segments provide a 
means of switching the connections to get 
DC out. 



The output oi a DC generator is u 
pulaatlng DC* 

2. Identify the parts of the generator shown 
by matching the proper letter to the proper 
term* 

Armature 

Brushes 

Field coil 

Pole pieces 

Rotating conductor 

sup rings 

Commutator 




3. Match the parts of a generator to the 
list of functions or use. 

PARTS 

Armature core 

Brushes 

Commutator 

Field coi! 

Pole piece£* 

Rotating conductor 

Sliprings 



2 
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FUNCTION 
11. Meiins of conncctlntiE output to loatl, 
ProvitltJS switching action lor DC 

output. 

Provides a piith lor the magnetic llcltl. 

tl. Provides a nioaus of mounting the 
rotating conductor. 

e. Rotates with the armature andprovides 
the connection to the brushes in an AC 
generator. 

I, Provides the magnetic field. 

g. Part in which the induced voltage is 
produced. 



CONFIRM YOUR ANSWERS, 



C, Turn to Student Text, Volume U, and 
read paragraphs 5-dl through 5-101. Return 
to this page and answer the following ques- 
tions concerning motors. 



1, Indicate which of the following are true 
(T) and which are false (F), 

a, A device which converts electrical 
energy to mechanical energy, 

b. The electrical energy develops an 
electrostatic field. 

c, A mechanical force is exerted by the 
interaction of magnetic fields, 

d. All operate on the same principle, 

e. The left-hand rule can be used to 
determine the direction a current carrying 
conductor will move, 

f, A Current carrying conductor which 
moves In a magnetic field will have another 
voltage induced in it which is called Counter 
EMF (CEMF). 



g. CKMF Howa ill the dame direction as 
the applied current. 

h. CEMF limits Urmuture current to a 
BlitG value. 

1, CEMF Is in phase with the applied 
voltage. 

j. Total voltage available to send current 
through the conductor Is equal to the applied 
voltage minus the CEMF. 



2. Indicate In which direction the current 
Carrying conductor will move under the 
conditions shown in the illustration. 

a. Up 

b. Down 

c. Left 

d. Right 




3, Indicate which of the following are true 
(T) and whichare false (F) concerning motors, 

a. Motors can be classified as AC or DC, 

b. The turning force of a motor is called 
torque, 

c. The coil is free to rotate in the 
rotating electrostaUc field in a DC motor. 

d. The interactions of the magnetic fields 
develop the torque which causes the shaft 
to turn. 



CONFIRM YOUR ANSWERS. 
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D, Turn to Student Text. Volume 11, and 
VLMd para^raph±i S-102 throu^U 5'116, Uc- 
turn to this page and answer the following 
cju^atlona cottcortilng AC mutora. 



1, Itidlcate wlUtOi oi the (oUowiiig are true 
(T) and which arc false (F). 

a. Uses a rtnatlng magnetic field. 

Only ubt,j single phase AC power. 

The rotating magnetic field rotates 
at the synchronous speeds 

d. Polyphase AC motors are only con- 
nected in the delta configuration. 

e. Three phase AC has a 120*" electrical 
separation between the phases. 

f. Stator field coils could be wound to 
produce 60° separation between pole pairs. 



CONFIRM YOUR ANSWERS. 



MODULE SELF-CHECK 

K Indicate which of the following are true 
(T) and which are false (F) concerning 
generators, 

a< A generator converts mechanical 
energy to electrical energy, 

b. Any time any conductor moves through 
a magnetic field so as to CUT these lines an 
EMF will be Induced in that conductor. 

c. The direction of the current will be 
the way the index finger points using the 
left hand rule. 

d. If a conductor moves at a faster rate 
of speed inside a magnetic field, the 
magnitude of the induced voltage will be less, 

e. Increasing the magnetic field will in- 
crease the induced voltage in the conductor 
if the relative motion stays the same. 



r* IncreaylnK the number of oonUuctorH 
will incroascj the luctuc'ed voltaKC^ 



g. Changing the direction of niovuniuiit 
of a conductor in a magnetic field wilt 
reverse the direction of the current* 



h. Maximum voltage is Induced into the 
conductor as it moves parallel to tho 
magnetic lines. 

1. By rotating a single loop of wire 
within a magnetic field an AC can be 
generated. 

j. An AC generator uses a commutator 
to make the electrical connections to the 
armature winding. 

k. The DC generator uses sUprlngs in* 
stead of brushes. 

I. A commutator will allow the output 
current of a generator to be only in one 
direction. 

m. The output of a DC generator is a 
pulsating DC. 

n. The output of a two loop DC generator 
never reaches zero volts as does the single 
loop generator. 



2- Which way Is the current flowing as the 
conductor is moved downward as shown? 




3. Matili i^wch ^mm'titov (;oin|>oriciit to Uh 
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4. Iiulicato If iiu} fjtutomvnt iti true (T) or 



COMPONENTS 



a< A motor will chanKomGcUanlcal energy 
to (Electrical cnorf^y. 



Polo pieces 
Armature core 

^Bru shes 
Slipriii[^s 

_ Commutator 

.Field coil 

^ Rotor 

_ Rotating conductor 
PURPOSE 



a. Connects rotor winding to brushes in 
an AC generator. 

b. Rotating part on which the rotating 
conductor is wound. 

c. Connects rotor winding to brushes in 
a DC generator. 

d. Provides a low reluctance path for 
magnetic tines. 

e. Provides a low reluctance pathbetween 
pole pieces. 

f. Conductor in which the EMF is induced. 



g. Provides the electromagnetic field. 



h. Makes an electrical connection to the 
sliprings or commutator. 



b. All motors utio the i^rinciple of a force 
exerted between a sitatlonary and a movable 
magnetic field. 



c* Turning force of a motor is called 
torque t 



d< A rotating conductor in a motor will 
produce a counter EMF, 



S. Match each condition with the proper 
figure of a current carrying conductor. 



No torque 
.CW rotation 
.Medium torque 
.Maximum torque 
.CCW rotation 



elL 



CONFIRM YOUR ANSWERS. 
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ANSWERS TO A: 



ANSWERS TO C: 



I. a. F 
b. T 

c. 
d, 
e, 
f. 
E' 
h. 



T 
F 
T 
F 
F 
T 



2. a, conductor 

b. .magnetic field 

c. relative motion 

3. a 

4. b, d 



1. a. 
b. 
c. 
d. 
e. 
f. 

g- 
h. 
1. 
1- 

2. b 

3. a. 
b, 
c. 
d, 



T 
F 
T 
T 
T 
T 
F 
T 
F 
T 



T 
T 
F 
T 



If ycu missed ANY questions, review the 
material before you continue. 



ANSWERS TO D: 



ERIC 



If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO B: 



1. a. T 

b. F 

c. T 

d. T 

e. T 

f. F 
B. F 



1. a. T 
b. F 
c. 
d. 
e. 
f. 



F 
F 
T 
T 



If you missed ANY questions, review the 
material before you continue. 



ANSWERS TO MODULE SELF-CHECK: 



h. T 


1. a. 


T 


i. T 


b. 


T 


j. T 


c. 


F 




d. 


F 




e. 


T 


2. C, B, D, E, F. A, none 


f. 


T 




g- 


T 




h. 


F 


3. d, a, b, f, c, g, e 


i. 


T 




)• 


F 




k. 


F 


If you missed ANY questions, review the 


1. 


T 


material before you continue. 


m. 


T 




n. 


T 






3i3 



2. 1) 

'i. tl, u. Ii, u c, b, t 

4. iv. F 

b. T 

c. T 

d. T 

5< b< c, c. At a 



HAVE YOU ANSWEHED ALL OP THE 
QUESTIONS CORRECTLY? IF NOT, 
REVIEW THE MATERIAL OR STUDY 
ANOTHER RESOURCE UNTIL YOU CAN 
ANSWER ALL QUESTIONS CORRECTLY, 
IF YOU HAVE, CONSULT YOUR IN- 
STRUCTOR FOR FURTHER GUIDANCE. 
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